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1.0 INTRODUCTION

1.1 Descraption of the Rocky Flats Plant

1.1.1 Location and Operator

The U.S. Department of Energy's Rocky Flats Plant 1s located
in north-central Colorado, northwest of the City of Denver
(Figure 1-1). The Plant 1s located in Sections 1 through 4
and 9 through 15 of T. 2 S., R. 70 W. The facility's EPA
identification number 1s C07890010526. The mailing address

ls:

U.S. Department of Energy
Rocky Flats Plant

P.O. Box 928

Golden, Colorado 80402

The facility contact is:

Albert E. Whiteman, Area Manager
Phone: (303) 966-2025

The facility covers approximately 6,550 acres of federally
owned land in northern Jefferson County, Colorado, which ais
centered at 105° 11' 30" west longitude, 39° 53' 30" north

latitude. The facility is approximately 16 miles northwest
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of Denver and nine to 12 miles from the neighboring
communities of Boulder, Broomfield, Golden and Arvada. It
1s bounded on the north by State Highway 128, on the west by
a parcel of land east of State Highway 93, on the south by a
parcel of land north of State Highway 72 and on the east by
Jefferson County Highway 17. Access to the plant 1is from an
east access road exiting from Jefferson County Highway 17

and a west access road exiting from State Highway 93.

The facility 1s situated at an elevation of approximately
6,000 feet. It 1s on the eastern edge of a geological bench
known as Rocky Flats. The bench 1s approximately five miles
wide and flanks the eastern edge of the foothills of the

Rocky Mountains.

1.1.2 Mission

The Rocky Flats Plant 1s a government-owned and contractor-
operated facilaity. It 1s part of a nationwide nuclear
weapons research, development and production complex
administered by the Albuquerque Operations Office of the
U.S. Department of Energy (DOE). The prime operating
contractor for the Rocky Flats Plant 1s Aerospace Operations

of Rockwell International.
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The faclility produces components for nuclear weapons;
therefore, 1ts product 1s directly related to national
defense. The facility fabricates components from plutonium,
uranium, beryllium and stainless steel. Other production
activities include chemical recovery and purification of
recyclable transuranic radionuclides, metal fabrication and
assembly and related quality control functions. Other
activities 1include research and development 1i1n metallurgy,
machining, non-destructive testing, coatings, remote
engineering, chemistry and physics. Parts made at the plant

are shipped elsewhere for final assembly (U.S. Department of

Energy, 1987a).

1.1.3 Braief History

Construction of the Rocky Flats Plant was approved by the
U.S. Government in 1951 as an addition to the nation's
nuclear weapons production complex. Operations began 1n
1952 under direction of the Atomic Energy Commission. The
original facility covered an area of approximately

2,520 acres (Faigure 1).

A buffer zone was added 1n 1974-1975 to enlarge the plant to

1t present size of approximately 6,550 acres. The buffer

1-4
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zone had been used for grazing cattle and horses and 1is
enclosed within a cattle fence which 1s posted with signs
1ndicating restricted access. Two office buildings, a
warehouse, firebreaks, holding ponds along three water
courses, environmental monitoring instrumentation, a
sanitary landfill area, a salvage yard, power lines,
inactive gravel pits, clay pits and two target ranges are
located i1n the buffer zone. Additionally, a former waind
energy test site now used as an office building and a Ground
Wave Emergency Network (GWEN) tower being installed by the

U.S. Air Force are located in the buffer zone.

Major facility structures are located in a 400-acre
controlled area near the center of the property.
Production, research and development facilities at the plant
are located 1n the controlled area which contains
approximately 134 structures with a combined floor space of

approximately 2.67 million square feet.
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1.2 Description of the West Spray Field

1.2.1 Introduction

The west spray field 1s located within the Rocky Flats
property boundary just west of the controlled area as shown

on Figure 1-1. A topographic map of the West Spray Field 1is

shown on Figure 1-2.

The area was operated by Rockwell from April 1982 to October
1985. During operation, excess liquids from solar
evaporation ponds 207-B North and Center were pumped
periodically to the west spray field for spray application.
Based on 1interviews, direct application of the liquids
occurred 1n portions of the spray field designated Areas 1,
2 and 3 for the purpose of this report (Figure 1-3). This
conclusion 1s supported by examination of aeraial
photographs. The photographs indicate some surface run-off
occurred into the unnumbered areas within the approximate
location of the spray field's exterior boundary. Limited
quantities of windblown spray probably also contributed to

the pattern observed on the aerial photographs.

1-6
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Application was 1nitially by two moving spray 1irrigation
lines mounted on metal wheels with stationary impulse heads.
One of these lines 1s now anchored in Area 2. The other
line which was damaged by wind 1s located west of the spray
field and 1s no longer 1n use. In Area 1, the portable
lines were 1nitially replaced by the two westernmost fixed
lines, and 1n 1985 a third fixed 1rrigation line. These
lines were fitted with stationary impulse heads. A spray
impulse cannon was placed 1in various locations of Area 3
after use of the portable irrigation systems stopped (Shirk,
1986). The location of Area 3 1s not confirmed by the
aerial photographs due to limited usage and various
locations used for the spray impulse carrier, but is known

from operating personnel.

l1.2.2 S1ize

The west spray field boundary covers an area of
approximately 4,577,000 square feet or approximately 105.1
acres. Three areas, 1, 2 and 3, appear to have received
directed application (Figure 1-3). The boundaries of Areas
1, 2 and 3 and the exterior boundary of the spray field have

been located based on 1interviews and aerial photograph

interpretation.
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Area 1 1s approximately 1,553,000 sgquare feet or about
35.6 acres 1n surface area. This area encloses three fixed
irrigation lines with a spray width of 80 feet and average
length of 1,524 feet. This results 1n a spray area of
approximately 8.4 acres for the three lines. Area 1 1s the
general area of application for the original portable

irrigation lines (Aerial Photograph, 1986 and Shirk, 1986).

Area 2 1s approximately 1,360 feet by 80 feet 1n si1ze with a
surface area of 109,000 square feet or about 2.5 acres.
This area corresponds to the estimated application area of
the single anchored portable i1rrigation line (Aeraial

Photograph, 1986 and Shirk, 1986).

Area 3 is an oval area made up of small circular application
areas all with a radius of approximately 100 feet, the
estimated maximum radius of the impulse cannon. The surface

area is approximately 140,000 square feet or about

3.2 acres.

The total combined area of direct application is about

41.3 acres or about one-third of the total west spray field

boundary.
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1.2.3 Topography

The natural ground surface i1n the spray field 1is nearly
level to gently sloping down to the east and east-northeast.
The slopes of the irrigated areas and surface runoff areas
range between approximately one percent and three percent.
There are a number of minor drainages 1n the west spray
field which trend to the east. Relief within the drainages

1s on the order of one to two feet.

The topography of the West Spray Field was altered during
use of the field in response to NPDES Permit technical
violations. A series of small ditches and berms were
constructed just east of Area 1 to prevent surface runoff of
water. These ditches and berms would pond the water on the

West Spray Field until ainfiltration could occur.

1.2.4 So1l Types

The near-surface soils in the west spray field and
surrounding areas as described by the Soil Conservation
Service (U.S. Department of Agriculture, 1984) consist
primarily of 13 inches of very cobbly, sandy loam overlying

34 1nches of very gravelly clay, very gravelly, sandy clay
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and very dgravelly, clayey 1loam. The lower material 1s
underlain by 13 inches of very gravelly, sandy, clayey loam.
Table I presents descriptions and typical properties of the
upper five feet of soil in the west spray field. These soil
characteraistics have been supported by field work conducted
in 1988 that generally confirmed the above general depths

and soil types.

Typical infiltration rates range from two to six ainches per
hour in the upper layer, 0.06 to 0.2 inches per hour in the
middle layer and 0.6 to 2.0 inches per hour in the lower

layer (U.S. Department of Agriculture, 1984).

1.2.5 Spray Application Policies

The following environmental control criteria were
established to 1limit the application rate of the liquid from

Pond 207-B North (Rockwell, 1981b):

o Annual application of NO; not to exceed 400 pounds
per acre.

o Monthly application of NO5; not to exceed 80 pounds
per acre.

o Application must stop if vegetation shows visual
degradation.

o No runoff or erosion due to spraying.
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TABLE 1-~1

TYPES AND TYPICAL PROPERTIES OF THE UPPER
FIVE FEET OF SOIL IN THE WEST SPRAY FIELD
(U.S. Department of Agriculture, 1984)

Soil

Description

Unified

Soil AASHTO Liquid Plasticaity
Classi- Classi- =200 Laimit Index
fication fication (%) (%) (%)

Very
cobbly,

sandy

loam

Very
gravelly,
clay
Very
gravelly,
sandy
clay
Very
gravelly,
clayey
loam

Very
gravelly,
sandy,
clayey
loam

Non-plastic

GM,SM A-1,A-2 10-30 15-25 NP-5

GC A-2,A-6 25-40 35-60 20-50
A=-7

GC A-2 15-30 25-35 10-20
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Spray application was authorized and managed by the

Environmental Management Group for each application event.

1.2.6 Spray Application Procedures

1.2.6.1 Operations

The west spray field, which operated from 1982 to 1985, was
used when excess liquids accumulated in Ponds 207-B North or
Center. When the storage capacity of one of the ponds was
reached, the liquids contained were pumped to the spray
field for spraying. The B-series solar ponds 207B North,
Center, and South had all process waste removed in the late
1970s, as detailed in the Solar Pond Closure Plan of July 1,
1988. Since that time, the B-series solar ponds have not
held process waste. The 207B-North and Center ponds had
liguid i1nputs on a relatively constant basis due to the
constant generation of treated sanitary wastewater which was
placed 1n 207B-Center, and due to relatiavely constant
generation of collected ground water north of the solar
ponds which was placed 1n 207B-North. The ground water in
this area was, and is, collected due to the elevated

nitrates present in the water, and the need to prevent off-

=
!
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site migration of the water. These wastes were considered
non-radiocactive and non-hazardous and, therefore, amenable

to spray 1irrigation.

Liquids from Pond 207-B North were primarily applied 1n
Area 1. Preventing surface runoff was the limiting craiteraa
for application of the liquids (Shirk, 1986). Generally,
spraying from Pond 207~B North occurred in intervals of six
to ten hours of dai1ly application for periods of two to four
days. The water present in Pond 207B North consisted of
contaminated ground water collected by a french drain system
and returned to Pond 207B North. This waste is typically
characterized by high nitrate concentrations, trace levels
of volatile organic compounds (VOCs), and elevated gross
alpha, gross beta and uranium. A summary of

characterization data 1s presented in Section 1.2.10.

Liquids from Pond 207-B Center were applied to all three
application areas. Preventing surface runoff was also the
limiting criteria for application of this 1laiquid.
Application periods for these liquids were similar to those
for the 207-B North pond water (Shirk, 1986). The water

present in Pond 207B-Center consisted of treated sanitary

-
!

15
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effluent from the Rocky Flats Plant sanitary wastewater

treatment plant.

The specific locations of the 1nitial portable 1rrigation
lines and the area of application within the spray field
covered during each application are generally 1n Area 1

where the fixed lines were subsequently located.

1.2.6.2 Application Rate

The total monthly volumes of liquids applied to the west
spray field from Ponds 207-B North and Center are shown on

Tables 1-2 and 1-3, respectively.

Total application rates for the spray field were between 250
and 450 gallons per minute. For the spray irrigation lines,
these total rates convert to maximum surface application
rates of between about 20 and 40 gallons per minute per
acre. These application rates are based on an average
application area of 2.7 acres along each of four 1irrigation
lines and 0.7 acres for the impulse canon. The spray
impulse cannon has a discharge of 125 gallons per minute for

a surface application rate of about 175 gallons per minute

per acre.
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TABLE 1-2

October 3,
1

APPLICATION OF LIQUID FROM

POND 207-B NORTH

TO THE WEST SPRAY FIELD

Date

4/82
6/82
10/82
Yearly Subtotal

1/83
6/83
7/83
11/83
Yearly Subtotal

3/84
4/84
5/84
7/84
10/84
Yearly Subtotal

3/85
7/85
10/85
Yearly Subtotal

TOTAL

Volume Applied
(gallons)

522,000
760,000

244,000
1,526,000

555,000
865,000
1,112,000

367,000
2,899,000

231,000
864,000
216,000
169,000

929,000
2,409,000

132,000
1,266,000

781,000
2,179,000

9,013,000

1988
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Date

4/82
5/82
6/82
7/82
8/82
9/82
10/82
11/82
12/82

Yearly Subtotal

1/83
2/83
3/83
5/83
6/83
7/83
8/83
9/83
10/83
11/83
12/83

Yearly Subtotal

2/84
3/84
4/84
5/84
6/84
7/84
10/84
12/84

Yearly Subtotal

TABLE 1-3

Date:

October 3,

Revision No.: 1

APPLICATION OF LIQUID FROM
POND 207-B CENTER
TO THE WEST SPRAY FIELD

2,971,000
4,869,000
3,307,000
3,179,000
2,130,000
2,334,000
3,371,000
3,018,000

434,000

25,613,000

556,000
1,193,000

760,000

820,000
1,135,000
2,140,000
1,426,000
1,277,000
1,859,000
1,691,000
2,493,000

15,350,000

2,209,000
710,000
597,000

2,315,000

1,901,000

1,488,000
660,000

1,825,000

11,705,000

1988

Volume Applied
(gallons)
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TABLE 1-3 (continued)
APPLICATION OF LIQUID FROM

POND 207-B CENTER
TO THE WEST SPRAY FIELD

Volume Applied

Date (gallons)
1/85 2,087,000
2/85 250,000
3/85 455,000
4/85 1,265,000
5/85 110,000
6/85 528,000
Yearly Subtotal 4,695,000
TOTAL 57,363,000
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Based on the total volumes applied between April 1982 and
October 1985 and the estimated areas of application of 8.4,
2.5 and 0.7 acres for Areas 1, 2 and 3, a total average
application was estimated. The estimated total application
1s about 40 inches for liquids from Pond 207-B North applied
1n Area 1. The estimated total application is about 185
inches for Pond 207-B Center ligquids, applied 1n Areas 1, 2
and 3. Since liquids from both ponds were applied 1in
Area 1, the maximum total application was about 225 inches

for all four years of operation.

1.2.6.3 Equipment and Labor Required

The equipment required to transfer the liguid from
Ponds 207-B North and Center to the west spray field 1is
described 1n Section 1.5. The spray field was operated by
one person at a time, with no more than four or faive

operators over the period of spraying (Shirk, 1986).

1.2.7 Other Disposal Methods

Liguid to be applied to the west spray field was not

disposed by any other method. The west spray field was used
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as a backup to dispose of excess water not processed by

Ponds 207-B North and Center and Building 374.

1.2.8 Storage Facilitaies

No storage facilities existed at the west spray field.
Ponds 207-B North and Center provide storage for the laiquid
applied to the west spray field. However, the liquad
applied to the west spray field was not held i1n any other
location. The solar evaporation ponds are covered under a

separate closure plan (Rockwell, 1986b).

1.2.9 Pretreatment Facilities

No pretreatment was conducted on the liquids from either
Pond 207-B North or Center prior to delivery to the west
spray field. However, the 207B-Center liquid was sanitary
wastewater effluent. The raw sanitary waste had been
treated in the Rocky Flats Plant sanitary wastewater

treatment plant prior to placement in 207B-Center.
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1.2.10 Waste Characterastics

1.2.10.1 Introduction

The contents i1in Pond 207B North during operation of the West
Spray Field generally consisted of liquid collected in the
and french drain system located in the hillside north of the
solar evaporation ponds (Figure 1-4). This system collects
ground water and has historically controlled seepage from
the solar ponds from entering North Walnut Creek. The
liquid 1s pumped to Pond 207-B North from the low point of

the i1nterceptor system, the interceptor trench pump house.

The liquid contained in Pond 207-B Center during operation
of the West Spray Field generally consisted of effluent from
the Rocky Flats sanitary sewage treatment plant. However,
some contents from Pond 207B-North had occasionally been

transferred to Pond 207-B Center.

1.2.10.2 Characterastics

Liquids applied 1n the west spray field were derived from
solar evaporation Ponds 207-B North and Center. The major

constituent i1n the liquids from Pond 207-B North was

1-22
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nitrate. Elevated pH was characteristic of the liquids from
Pond 207-B Center. Complete characterization of the liquids
delivered to the spray field from 207B-North during the
operating time period 1s not available, but analyses of the
207B~-Center water from that period are available. During
the period of 1984 to 1985, several i1ndicator parameters
were monlitored on a weekly baslis 1n the solar ponds (U.S.
Department of Energy, 1985). Parameters monitored included
pPH, nitrates, gross alpha and gross beta. Two sets of metal
analyses of Pond 207-B North and Center liquids were
performed in October 1984 and April 1985. 1In addition,
sampling of the liquids from Pond 207-B North and the
Interceptor Trench Pump House (ITPH) were conducted in 1986,
1987 and 1988. A summary of the available characterization

data 1s presented in Table 1-4.

A discussion of the results of the waste characterization as
presented 1in Appendix 4, Section 4.1. The waste
characterization summary concludes that nitrate and uranium
are the only constituents of the applied solar pond waters
that were consistently and significantly elevated relative
to the proposed ground-water concentration limits.

Therefore, these constituents should be the best indicators

Lt
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C07890010526 Date: October 3, 1988

10.

11.

12.

Revision No.: 1

NOTES FOR TABLE 1-4

Summary of weekly sampling for Ponds 207B North and
Center liquids, Appendix 3, Table 3-II.

Summary of two sets of metals analyses of Ponds 207B
North and Center liquids, October 1984 and Aprail 1985,
Appendix 3, Table 3-IIT.

Summary of radiochemical analyses, April and May 19856,
Appendix 4, Table 4-I.

Summary of metals and phenols testing, April and May,
1986, Appendix 3, Table 3-IV.

207B Solar Pond North and Center guarterly metals
analysis, August 14, 1987, Lab No. E87-3918, Appendix
4.

207B Solar Pond North and Center quarterly metals

analysis, November 30, 1987, Lab No. E87-4254, Appendix
4.

207B Solar Pond weekly analysis results (liquids),
October 1987 to June 1988.

Table 3-9, typical sewage effluent quality, Building
995 outfall, Rocky Flats Plant, from Draft of ASI
Report on Water Management at RFP, August, 1988.

Analytical report from General Laboratory, 374 product
water and 995 outfall, received 5-14-87, from draft of
ASI report on Water Management at RFP, August, 1988.

Report of analysis from Accu-Labs Research, Inc., 374
product water and 995 effluent, 6-18-87, from draft of
ASI report on Water Management at RFP, August, 1988.

Laboratory test results, Solar Ponds 207A and 207B
North, Interceptor Trench Pump House, Buffer Zone,

April and May, 1986; Appendix 4 of Solar Evaporation
Ponds Closure Plan, July 1, 1988.

Resample of Interceptor Trench Pumphouse, Laboratory

Test Results, Solar POnds 207A and 207B North,
Interceptor Trench Pump House, Buffer Zone, April and
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May, 1986; Appendix 4 of Solar Evaporation Ponds
Closure Plan, July 1, 1988.

NEIC Ground-Water Monitoring Evaluation, U.S.

Department of Energy, Rocky Flats Plant, July, 1988,
EPA-330/2-88-051,

1987 Interceptor Trench Pumphouse Water Data, Rocky
Flats Plant, Golden, Colorado.

1988 Surface Water Sampling Data, Roy F. Weston, Inc.,
Stockton Analytical Laboratory, September 1, 1988, I.D.
SW88A084 and SW88AO086.
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of the so01l (or ground water) contamination that may have

resulted from application of water at the west spray field.

1.3 Maxaimum Extent of Operation

1.3.1 Maximum Total Area Used Over the Life of the
Facility

The three areas, 1, 2 and 3, where application of liquids
reportedly occurred are shown on Figure 1-3. The total area
of likely application, including mobile units in Area 1, 1s
about 38.8 acres (shaded area on Figure 1-3). Land
potentially affected by surface runoff and/or wind blown
wastes 1s approximately 66.3 acres adjacent to the areas of
application. Therefore, a conservative estimate of the
maximum area affected 1s the total area of the west spray
field boundary or about 105.1 acres (Aerial Photograph, 1986
and Shairk, 1986).

1.3.2 Maximum Area Ever Sprayed at One Time

Based on site usage information, liquids from Pond 207-B
Center were applied 1n Areas 1, 2 and 3 (Shairk, 1986). A

conservative estimate of the maximum area of application is
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to assume operation 1in all three areas. The area of
application at one time in Area 1 1s estimated to have been
a strip approximately 80 feet wide adjacent to the three
irrigation lines 1n the area or about 8.4 acres.
Application areas of Area 2 and 3 are 2.5 and 3.2 acres,

respectively.

Therefore, the maximum area of application at one time is
estimated to have been the combined areas 1n 1, 2 and 3 or

14.1 acres (Aerial Photograph, 1986 and Shirk, 1986).

The maximum area of application at one time for Pond 207-B
North liquid is estimated to have been 8.4 acres or the area

of application within Area 1 (Shirk, 1986).

1.3.3 Types of Waste Spread

Wastes applied in the west spray field were agueous only.
The characteristics of the waste applied to the spray field

are discussed in Section 1.2.10.2 and Appendix 4, Section

4.1'
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1.4 Maximum Waste Inventory

A closure plan must i1nclude "an estimate of the maximum
inventory of wastes 1in storage and 1n treatment at any time
during the life of the facility" [40 CFR 265.112(a)(2)].
"Inventory, 1in the case of land treatment facilitaies,
includes all wastes 1n storage and pretreatment" (U.S.
Environmental Protection Agency, 1981). The estimate of the
maximum waste i1nventory should "always be high enough to
ensure that 1f an i1nspector came onto the facility, the
amount of wastes i1n storage as well as 1n pretreatment
should not exceed the estimate in the plan, assuming normal
operating conditions" (U.S. Environmental Protection Agency,
1981). The intent of 40 CFR Section 265.l112(a)(2), as
clarified by the U.S. Environmental Protection Agency, 1981,
and as applicable to this facility 1s to provide an estimate
of the wastes 1n storage and pretreatment from this date

until closure.

Since the west spray field is no longer in operation, there
are no wastes being stored in preparation for application to
the west spray field. Pretreatment did not occur for the
wastes applied. In the past, inventory for the spray field

was held in the solar evaporation ponds prior to
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application. The solar ponds are covered under a separate

closure plan (Rockwell, 1986b).

1.5 Description of Auxiliary Equipment

The auxiliary equipment consisted of a pump at the solar
ponds, a delivery pipeline, the 1rrigation lines and an
impulse cannon. The approximate locations of the equipment

are shown on Figures 1-3 and 1-4.

The pump was a portable, engine driven centrifugal pump
installed on the separator dike between Ponds 207-B North
and Center. The pump and drive engine were mounted on a
pneumatic-tired trailer. The engine was propane fueled with
the fuel tank located at the toe of the dike for fuel truck

access. The pump has since been removed for other use.

The pump intake was a flexible hose which could be connected
to either valve stub from Ponds 207-B North or Center. The

pump discharge was a rigid pipe connected to the delivery

line.

The delivery pipeline was initially a six-inch diameter PVC

pipe. The PVC pipe extended from the pump discharge at
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Pond 207-B North beneath the patrol road, perimeter securaity
zone and access road, approximately 900 feet in length. The
pipeline then became a six-inch diameter light weight
aluminum pipe. The aluminum pipe was 1in 40-foot sections
with high-pressure connections. The pipeline was laid on
the ground surface, except at the North Walnut Creek
crossing where 1t was supported on about maximum three-foot
high stanchions. The pipeline extended approximately 6,000

feet to the west spray field.

The delivery pipeline was connected to the irrigation header
pipe with a six-inch diameter flexible hose. The header
pipe was a six-inch diameter aluminum pipe similar to the
delivery pipe, except at every other connection a four-inch
diameter valved riser was installed. At the end of the

header pipe was a plug and vacuum relief valve.

Initially, four-inch diameter portable spray irrigation
lines approximately 1,300 feet in length were connected by
flexible hose to the valve risers. The lines were attached
to a ground anchor rod to prevent movement. The irrigation
lines were equipped with fixed head impulse sprainklers for
uniform application of the wastes. Subsequent to

installation, the portable lines were damaged by wind and
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abandoned at the site with the exception of the single line
presently located 1in Area 2. Subsequently, three fixed
irrigation laines with lengths of between 1,350 and 1,570
feet were 1nstalled in Area 1 as shown on Figure 1-3. These
lines consisted of fixed head impulse sprinklers for uniform
application. A 125-gallon per minute spray impulse cannon

with a flexible hose connection was placed in Area 3.

After operation of the spray field was terminated in October
of 1985, the header pipe for Area 1 was relocated to its
exaisting location (Figure 1-3). The fixed 1irrigation lines
were moved to the new header pipe and additional irrigation
lines added using excess from the old lines and new
material. Three new lines were added to the original lines
generally east of the previous area of application. The
spray impulse cannon was also relocated onto the new header
pipe. The existing 1rrigation configuration was never

operated (Shirk, 1986).

The pipeline was drained after operation by a drain valve at
the low point of the line just above the interceptor trench
pump house. Liquids were drained into the pump house

through a flexible hose.
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1.6 Final Closure Plan Summary

1.6.1 Closure Objectives

This closure plan has been prepared to meet the performance
standards of 6 CCR 1007-3, Section 265.11. The promulgated
standards require a facility must be closed in a manner
that:
o minimizes the need for further maintenance, and
o controls, minimizes or eliminates, to the extent
necessary to protect human health and the
environment, post-closure escape of hazardowes
waste, hazardous waste constituents, leachate,

contaminated rainfall, or waste decomposition

products to the ground or surface water or to the
atmosphere.

1.6.2 Closure Plan

The steps necessary to complete closure activities am®
comply with the post-closure ground-water monitoring
requirements of 6 CCR 1007-3, Section 265.90 et seq. and tihe
ground-water correction action requirements of 6 CCR 1007-3,

Section 264 Subpart F are shown on the diagram in Figure (-

5.
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Preliminary information regarding the site, total
application amounts and wastes treated therein indicates
sol1ls should not be contaminated to the levels requiraing
additional treatment or remedial measures, therefore, no
further closure activities are currently anticipated to be
required as specified by 6 CCR 1007-3, Section 265.280.
Additional studies are currently planned and intended to
obtain data regarding the presence and level of constituents

1n the soi1ls and ground water i1n the west spray field.

The decision to implement additional soil or ground-water
treatment and selection of the treatment technologies to be
used wi1ll depend on the types and degree of contamination
found in the spray field and the results of additional
studies to evaluate technology effectiveness, cost and
duration of treatment required. The decision to conduct
additional treatment will depend upon the cost effectiveness
and the risk to public health during additional treatment.

Potential treatment technologies, indicated on Figure 1-5,

include:
o Tilling or scarifying the surficial soils,
) Addition of plant, microbial or bacteraial
nutrients,
o Spreading of admixtures in surficial soils,

-

1-46



07890010526 Date: October 3, 1988

Revision No.: 1
o Increasing or modifying vegetation on the field,
and
o Ground-water treatment.

Soils above the ground-water level may be completely or
partially removed, if found contaminated. The decision to
completely or partially remove these soi1ls will depend on
level of contamination, the associated costs and the risk to
public health for alternative remedial actions. If all of
these so1ls are removed, treated and disposed, no further

closure activities are necessary.

If any soils contaminated to the degree they do not meet the
closure performance standards in place, stabilization in
place may be conducted. The decision to stabilize
contaminants 1n place will depend upon the cost
effectiveness and the risk to public health for alternative
remedial actions. The stabilization technologies are

presented on Figure 1-5 and include:

o Injection of admixtures to the subsoils,
o Passive or active air striping of the subsoils,
o Addition of microbes and/or bacteria and nutrients

to subsoil for biodegradation, and

o Demonstration of natural geochemical
immobilization or stabilization of contaminants.

o
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Should alternative treatment be necessary, additional
studies w1ill be required to evaluate the technologies'’
potential effectiveness, costs and time required for
implementation. In place stabilization may not require
additional containment such as grading, capping or
revegetation for closure. This type of closure, where
wastes are stabillized 1n place, meets the objectives

outlined in 6 CCR 1007-3, Section 265.280(a).

As part of closure in which contaminated soils remain in
place, requirements for site grading, capping and
revegetating will be evaluated. The decision to grade, cap
or revegetate will depend on the potential of contaminant
migration and the risk to public health associated with
migration. Post-closure care and monitoring will be
required for the land treatment site under 40 CFR 265.280.
This type of closure, where wastes remain in place, meets

6 CCR 1007-3, Section 265.280(a).

The ground-water quality is being evaluated to determine if
corrective action is required to meet 6 CCR 1007-3, Section
264 Subpart F. If necessary, the type of ground-water

corrective action will be determined and implemented.
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Compliance with the Resource Conservation and Recovery Act
(RCRA), with respect to west spray field closure, will be
achieved subsequent to meeting 6 CCR 1007-~3, Section 265.280

and 6 CCR 1007-3 Section 264 Subpart F.

1.6.3 Closure Schedule

It 1s anticipated that closure with no wastes remaining in
place will be possible The schedule of activities required
to complete closure, based on no additional treatment or
remedial actions being required, is provided in Figure 1-6.
If closure with no wastes remaining cannot be implemented in
accordance with the regulations, anticipated schedules for
additional treatment, soil removal, contaminant
stabilization and/or minimization of migration will be

presented to CDH within 90 days of discovery.

1.6.4 Justification for Extension of Schedule

The regulations in 6 CCR 1007-3, Section 265.113(a) require:

"Within 90 days after receiving the final volume of
hazardous wastes, or 90 days after approval of the
closure plan, if that is later, the owner or operator
must treat, remove from the site, or dispose of on-site

all hazardous wastes in accordance with the approved
closure plan."
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The intent of this regulation 1s to avoid causing serious
environmental damage due to accumulating inventory over long
periods of time. Additional regulations outlined in 6 CCR
1007-3, Section 265.113(b), require:
"The owner or operator must complete closure activities
i1n accordance with the approved closure plan and within
180 days after receiving the final volume of wastes or

180 days after approval of the closure plan, if that 1is
later."

The activities for closure will take longer than schedules
required by the referenced regulations. Characterization of
the soi1l for evaluation of contamination will require 14
months before submittal to CDH/EPA for review. This is the
result of DOE requirements for document review, 90-day
laboratory turnaround time for sample analyses, and the need
for adequate guality in data analysis and document

preparation.

In the event that "clean" closure is not possible based on
the characterization study, activities required to treat and
dispose all wastes and to complete final closure at the west
spray field will require further extension of the schedule.
Closure activities cannot be defined prior to completion of

site 1nvestigations and engineering studies. Schedules for
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closure activities and justifications for extension, as

needed, will be presented at that time.

1.6.5 Protection of Human Health and the Environment

Pursuant to 6 CCR 1007-3, Section 265.113(a)(2), threats to
human health and the environment during 1nterim closure are
prevented by the routine monitoring activities conducted at
Rocky Flats and by restricted access to the facility.
Specific details of the routine monitoring program are
summarized in the "Annual Environmental Monitoring Report"
(Rockwell, 1986b). This document is reviewed and updated on
an annual basais. Brief discussions of the monitorang
activities that are conducted and the security procedures at

the plant are presented below.

The routine environmental monitoring program includes the
sampling and analysis of airborne effluents, ambient air,
surface and ground water, and soil. External penetrating
gamma radiation exposures are also measured using
thermoluminescent dosimeters. Samples are collected from

on-site, boundary and off-site locations.
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Particulate and tritium sampling of building exhaust systems
i1s conducted continuously. For i1mmediate detection of
abnormal conditions, ventilation systems that service areas
containing plutonium are equipped with Selective Alpha Aair
Monitors. These monitors trigger an alarm automatically if
out-of-tolerance conditions are experienced. Particulate
samples are collected from amblient air samplers operated
continuously on site. The ambient air samples are analyzed
for Total Long-Lived (TTL) Alpha activity or for plutonium
activity. Twenty-three are located within and adjacent to
the Rocky Flats exclusion area, 14 are located along or near
the plant's perimeter and 14 are located 1n nearby

communities.

The majority of the water used for plant process operations
and sanitary purposes 1s treated and evaporated and/or
reused for cooling tower makeup or steam plant use. the
discharge of water off-site 1s minimized to the greatest
extent possible. Water discharges from the Rocky Flats
Plant are monitored for compliance with appropriate CDH
standards and EPA National Pollutant Discharge Elimination
System (NPDES) permit laimitations. Surface runoff from
precipitation is collected in surface water control ponds

and discharged off site after monitoring. Routine water
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monitoring 1s conducted for two downstream reservoirs and
for drinking water sources 1in nine communities. Ground-
water monitoring was conducted during 1987 at approximately

160 ground-water sampling locations.

So1l samples are routinely collected on an annual basis from
40 sites located on radii from Rocky Flats at distances of
1.6 and 3.2 kilometers (one and two miles). The purpose of
this soil sampling 1s to determine 1f there are any changes

in plutonium concentrations in the soil around the plant.

When higher concentrations than usual are found in any of
the routine monitoring actaivities or when out-of-compliance
conditions are 1dentified, the cause of the problem ais
investigated. If the present west spray field facility 1s
found to be the cause of an out-of-compliance condition,

then this closure plan will be revised within 90 days.

Access to the west spray field is limited by:

o a three-strand barbed wire cattle fence
surrounding the facility (Figure 1) posted to
identify the land as a government reservation/
restricted area,

o guards patrolling the controlled area 24 hours per
day, and
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o survelllance by security cameras 24 hours per day.

The existing fences and gates are operated and maintained by

the U.S. Department of Energy.

The monitoring and security measures outlined above are
designed to protect human health and the environment from
threats posed by the plant as a whole. In addition, they
protect human health and the environment from threats posed

by the west spray field.

1.6.6 Administration of Closure Plan

The closure plan for the west spray field will be kept at
Rocky Flats Area Office, Building 115, U.S. Department of
Energy. The person responsible for storing and updating
this copy of the closure plan 1is:

Mr. Albert E. Whiteman
Area Manager

His address and phone number are:

U.S. Department of Energy
Rocky Flats Plant

P.O. Box 928

Golden, Colorado 80402
Phone: (303) 966-2025



C07890010526 Date: October 3, 1988
Revision No.: 1

Mr. Whiteman 1s also responsible for updating all other
copies of the closure plan held off-site by sending

additions or revisions by registered mail.

1.6.7 Closure Cost Estimates and Financial Assurance

State and Federal governments are exempt from the financial
requirements 1mposed by Subpart H of 40 CFR [Section
265.140(c)]. Because the Rocky Flats Plant 1s a federally-
owned facility, no cost estimates or financial assurance
documentation are required. However, cost estimates are
presented below for soi1l sampling, analytical costs,
characterization report preparation, and closure

certification. This estimate assumes "clean" closure.

Scoil Sampling $30,000
Analytical Costs 60,000
Report Preparation 25,000
Closure Certification 5,000

Total $120,000

The estimates are provided for planning, budgeting and
informational purposes. These estimates can in no way be

considered binding.
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2.0 INVENTORY DISPOSAL

2.1 Maximum Waste Inventory

Since the west spray field is no longer in operation, there
are currently no wastes being stored i1n preparation for
application to the west spray field. Pretreatment of wastes
did not occur during operation. Therefore, pretreatment
requirements, landspreading procedures or other disposal

methods for inventory disposal are not applicable.

2.2 Schedule

There is no inventory remaining to be applied to the west
spray field. Therefore, inventory disposal is complete at

present.
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3.0 MATERIAL IN TREATMENT

3.1 Maxaimum Extent of Operation

3.1.1 Maximum Total Area Used Over the Life of the
Facility

As discussed 1n Section 1.3.1, the maximum area used 1s

conservatively estimated to be about 105.1 acres or the

entire area of the west spray field.

3.1.2 Maximum Area Ever Sprayed at One Time

As discussed 1n Section 1.3.2, the maximum area utilized at
one time is conservatively estimated to be about 11.6 acres.
This area included areas of direct application in Area 1 and

the total area of Areas 2 and 3.

3.1.3 Types of Waste Applied

The liquids applied to the west spray field were from
Ponds 207-B North and Center. The characteristics of the

liquids applied to the west spray field are presented in

Section 1.2.10.
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3.2 Procedures for Materials 1in Treatment

Treatment which occurred i1n the west spray field included
natural soil buffering of waste pH and utilization of the
nitrates by native vegetation. It 1s anticipated that

complete waste treatment has occurred at the site.

The types and extent of remaining wastes i1n treatment, 1f
any, w1ll be determined following the additional so1l
sampling and analyses and engineering studies. The
treatment procedures required for the wastes 1n treatment,

1f necessary, will be determined subsequent to completing

the proposed studies.

3.3 Schedule for Decomposition of Materials in Treatment

Decomposition or decay of wastes 1n treatment, if any, may
occur. The schedule for decomposition of the materials will
be estimated subsequent to completing the ongoing and
additional studies. The schedule will be based on the
level, type and decomposition or decay mechanism of the
wastes found. It 1s anticipated that no wastes remain in

treatment, therefore, decomposition would be complete at

present.
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4.0 SOIL TESTING AND REMOVAL OF CONTAMINATED SOIL

4.1 So1l Testing Performed to Date

Preliminary soll testing to evaluate whether the soils in
the West Spray Field are contaminated and, 1f so, the level
and extent of so1l contamination has been conducted. Soil
samples were collected during 1986 and 1988 to characterize
the soil chemistry 1in the West Spray Field. The results of
the preliminary sol1l characterizations performed to date

are presented in Appendix 4, Section 4.2.

In 1986, field investigations included soil samples to a
depth of one foot from a plot 1in the West Spray Field
(Appendix 4, Figure 4-1). In 1988, the sampling program
consisted of digging 12 test pits with a backhoe and
collecting three soil samples for chemical analyses from

each location at varying depths.

The preliminary conclusions may indicate that nitrate and
volatile organic compounds are above estimated background
concentrations in the West Spray Field soils. Levels of
uranium, plutonium, and other radionuclides were found at

levels typical of known or assumed background levels for

4-1
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the area. However, background soil and ground water at the
Rocky Flats Plant i1in general, as well as the West Spray
Field 1n particular, require additional characterization
before the above statement can be adequately supported. A
comprehensive plan for background characterization is under
preparation. This plan will be implemented upon approval by
CDH/EPA, and wi1ll yield data to conclusively determine
whether or not the West Spray Field soils are contaminated.

This plan will be submitted to CDH/EPA during calendar year

1988.

The soil sampling conducted to date in the West Spray Field
provides a general 1dea of the types and levels of
contamination which may be present in the West Spray Field
solls. However, the information collected to date 1is not
definitive enough to reach final conclusions because the
background soil samples obtained in 1986 were taken to a

maximum depth of one foot.

o Low levels of volatile organic compounds identified in
the previous sampling are probably the artifacts of the
sampling and laboratory testing considering the
analyses of the applied 1liquids. However,
quantitatively removaing the volatiles based on the
avallable data was not possible.

o The 1986 sampling plot was not in an area of direct
spray application. At the time of sampling, 1t was
believed this area received application from the spray
impulse canon 1n the West Spray Field. Additional

4-2
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information subsequent to sampling and testing
indicated the sample area was only affected by surface
runoff, and perhaps windblown spray from application in
Area 1.

4.2 Addaitional Soil Testing

Additional soi1l testing 1s necessary to complete the soil
characterization in the West Spray Field. The results of
the testing performed to date have been used to evaluate the
scope of additional studies. The soi1l sampling plan for the
additional studies in the West Spray Field is presented in

Appendix 2.

The intent of the additional so1l testing described in
Appendix 2 is to identify areas affected by liquid waste
application and identify the affects of waste application on
the soils. Within the West Spray Field, five areas have

been 1dentified for soi1il sampling. These areas are:

o direct application Area 1;

o direct application Area 2;

o direct application Area 3; and

o the areas adjacent to direct application areas
which may have been subjected to runoff and over
spray.

4-3
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These sampling areas are shown on Figure 2-1 of the Soil

Characterization Plan in Appendix 2.

So1l samples will be obtained in the four areas as follows:

Sample Area No. of Holes No. of Samples
Area 1 17 51

Area 2 7 21

Area 3 8 24

Runoff and 12 36
Windspray

Affected Area

Total 44 132

Each sampling location will be sampled at a minimum of three
vertical depths. The samples will be distributed in the
vertical by obtaining one sample in each of the three major
soil horizons described by the Soil Conservation Service
mappilng (Section 1l.2.4) and identified during the 1988 field
work. Sanples will be obtained from each soi1l horizon
identified during field work to determine 1f the varying
so1l characteraistics have accounted for different

interactions with contaminants present in the applied waste.
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Types of Soil Tests: So1l samples will be obtained and

tested 1n the 1laboratory for the following potential
contaminants:

Nitrates

Percent Solids

Volatile Solaids

Lead

Mercury

Plutonium 239

Americium 241

Uranium 233

Uranium 234

Uranium 238

Traitium

Total Organic Carbon

Hazardous Substance List (HSL) Volatiles
Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloraide
Acetone
Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloraide
Vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-~Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether
Bromoform
2-Hexanone

0000000000000
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4-Methyl-2-pentanone
Tetrachloroethene
Toluene
Chlorobenzene

Ethyl Benzene
Styrene

Total Xylenes

4.3 1Indicator Parameters and Closure Performance Standards

Based on the preliminary soil testing conducted to date, 1t
1s possible to establish a tentative set of 1indicator
parameters and proposed closure performance standards for
remedial actions i1n the West Spray Field. However, the data
obtained during the final soil sampling may necessitate a
change 1n the 1ndicator parameters and the closure

performance standards.

4.3.1 Indicator Parameters

Three groups of contaminants have been chosen for the west
spray field. They are: nitrates, uranium and transuranaics.
These groups were chosen based on known elevated
concentrations 1n the spray application water and data

results from soil sampling to date in the west spray field.
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Nitrates

Low-level radioactive wastes with high nitrate
concentrations have been one of the forms of waste present
in the solar ponds which contributed to ground water
intercepted by the solar pond french drain system and sent

to the west spray field. The drinking water standard for

nitrates is 10 mg/1l.

Uranium

Uranium 1s the only radionuclide (excluding the transuranic
elements, plutonium and americium) that was considered
representative of the spray application water. Uranium

-233, ~234 and -238 were chosen as indicator parameters.

Transuranics

The only transuranic used on site is plutonium. However,
americium is a daughter product of plutonium, and can be

found at the Rocky Flats Plant due to ingrowth.

4.3.2 Closure Performance Standards

Closure performance standards for potentially contaminated
sol1ls 1n the West Spray Field are set at two levels. The

first level are standards below which no further action at

4-7
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the West Spray Field for soil contamination is indicated.

The proposed no action levels for the indicator parameters

are:
o Nitrates - less than 100 parts per million (ppm)
o) Uranium - 32 pCi/g
o Plutonium - 0.9 pCi/g

These levels define the upper limit for no closure action.
They are based on the Safe Drinking Water Act (SDWA), and
state and federal guidelines. Nitrates are limited to ten
times the SDWA. Since the SDWA applies to water, an
elevated concentration is acceptable i1n the so0il due to
adsorption and transport partitioning. Ten times the SDWA
1s a conservative limit for protection of human health and

the environment.

Uranium is limited to 32 pCi/g, or possibly as high as 320
pCi/g based on the method of fractions. The International \
Ccommittee of Radiological Protection presents an acceptable
standard of 100 millirems (mrem) of effective dose
equivalent per year of exposure for long-term exposure for
radionuclides from man~made sources (ICRP, 1977). The
National Council on Radiological Protection (NCRP) has
published soil guides for uranium, radium and lead-210 based

on a dose rate of 500 mrem/year. Adjusting these guides to l

4~-8
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reflect the 100 mrem/year effective dose egquivalent from
ICRP (reducing each guide by a factor of five), results in
adjusted guides of 320 pCi of uranium per gram of soil, 8
pCi of radium per gram of soi1l, and 3 pCi of lead-210 per
gram of soil (NCRP, 1984). Since all of these materials are
found i1n soi1l, the sum of the fractions (the observed
concentration divided by the concentration limit) must not
exceed unity (one). The sum of fractions technique 1s used
by the Nuclear Regulatory Commission (NRC), U.S. DOE, and
Colorado regulations when addressing mixtures. If any
fraction 1s less than ten percent, the material ais
considered non-existent for the purposes of the sum of
fractions calculation. Based on the above guides,
preliminary analyses will be for uranium only. If the
uranium concentration exceeds ten percent of the guide (32
pCi/gm), the radium and lead-210 concentrations in the soil
sample wi1ill be determined. If the sum of the fractions is
found to exceed unity, and the activity at the unit ais
significantly greater than the background activity for these
compounds, soil removal will be used to reduce the sum of

fractions to unity or less.
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Plutonium 1s limited to 0.9 pCi/g (Colorado Department of
Health, 1973). Below this concentration, no action 1s

required.

So1l contamination above these levels would 1ndicate some
additional action following the logic on Figure 1-5 as
indicated. Until the final so01l sampling and soil
background characterization is completed, 1t 1s not possible
to define the type of remedial action which might be
undertaken. Potential methods of treatment or disposal are

discussed 1n Section 4.4.

The second level are standards above which soi1l removal 1is
required. A closure performance standard of 20 picocuries
per gram can be established for soil contaminated with
combined plutonium and americium. Above this level, soil

removal will be i1mplemented.

Proposed recommendations by EPA are intended to provaide
long-term radiation protection for all exposed persons in a
"critical segment of the general population” and specify
that both the 1individual and collection radiation doses
should be "as-low-as-reasonably-achievable (ALARA)." These

interim recommendations present a soil screening level of
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0.2 microcurilies of transuranics per square meter in the

upper 1 cm of soi1l. This represents a combined i1nhalation

and 1ngestion incremental cancer risk of 1 x 1076, at

activity levels greater than this, additional evaluation 1is

recommended to determine the actual dose rates to exposed

persons (U.S. Environmental Protection Agency, 1986).
3

Assuming a soil density of 1 gm/cm”, this activity level

translates to 20 picocuries per gram (pCi/g) of soil.

Combined Pu and Am were selected for use as indicator
parameter for soil removal with an acceptable combined level
of 20 pCi/g (assuming 1 g/cm3 soil density). Detectable
levels of Pu and Am below this concentration level will be
covered with a multi-layered cap or optionally removed.
Soil with concentrations above this level will be removed
and disposed at an approved facilaity. Similar wastes from
the Rocky Flats Plant have been sent to the Nevada Test Site
(NTS) .
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4.4 Method of Treatment or Disposal

4.4.1 On-site Treatment or Disposal

The on-site methods to treat or dispose the materials to be
removed, if necessary, will be determined following
completion of the additional soi1l sampling and analyses to

be performed.

It 1s anticipated based on the characteristics of the wastes
applied to the spray field that remaining wastes, if any,
can be treated or stabilized at the site. As summarized on

Figure 1-5, treatment could include:

o Tilling or scarifying the surficial soils,

o Addition of plant, microbes or bacterial
nutraients,

o Spread of admixtures in surficial soils, and

o Increasing or modifying vegetation on the field.

o Ground-water treatment.

Stabilization on-site could include:

o Injection of admixtures to the subsoils,
o Passive or active air-striping of the subsoils,
o) Introduction of microbes or bacteria and nutrients

to the subsoils for biodegradation, and

. 4-12
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o Natural geochemical 1mmobililization or
stabilization.

4.4.2 Off-s1ite Treatment or Dasposal

It 1s anticaipated that off-site measures will not be

required for closure.
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5.0 FACILITY DECONTAMINATION

5.1 Auxiliary Equipment

5.1.1 Identification of Auxiliary Equipment

The equipment used at the west spray field 1s described 1in
general in Section 1.5. The auxiliary equipment present

which may have conveyed waste liquids include:

Pump Unait:
o Industrial engine driven centrifugal pump and
auxiliary equipment,
o Vacuum relief and drain valves and flexible drain
line,
o Intake and discharge lines and couplings,

Delivery Pipeline:

o 900 feet of six-inch diameter PVC pipe (20-foot
sectaions),

o 6,000 feet of six-inch diameter aluminum pipe (40-
foot sections) and couplings,

o Drain valve and flexible drain line,

Irrigation Pipeline and System:

o 20 feet of six-inch diameter flexible hose and
couplings,
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o 3,000 feet of six-inch diameter aluminum pipe
(40-foot sections) and couplings,

o) 50 four-inch valved raisers,
o End plug and vacuum relief valve,
o 2,600 feet, four-inch diameter alumainum, side-roll

portable sprainkler irrigation pipe and impulse
sprinkler heads,

o Two four-wheel movers with gasoline engine drive
for irraigation lines,

o 20 feet of flexible hose and couplings,

o 6,500 feet of four-inch diameter aluminum
irrigation pipe with i1mpulse sprinkler heads,

o 100 feet of four-inch diameter flexible hose,

. o 125 gallons per minute spray i1mpulse cannon.

Numbers and gquantities presented are estimated based on
information available (Aerial Photograph, 1986, Rockwell,

1981a and 1981c, and Shirk, 1986).

5.1.2 Decontamination Procedures

In accordance with 6 CCR 1007-3, Sections 256.112(b)(4) and
265.114, a detailed description 1s required of the steps
needed to remove and dispose, or decontaminate, all
hazardous waste residues and contaminated containment

system components and equipment.
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Since the wastes applied at the West Spray Field were most
characterized by elevated nitrates and trace VOC
concentrations, residual contamination of auxiliary
equipment is not anticipated. If the West Spray Field soils
are found to be currently unimpacted by hazardous or
radioactive wastes, all egquipment used 1in the spraying
operations that has not been removed will be considered
decontaminated by inference. The engine driven pump and
most of the six-inch PVC and aluminum delivery pipe have
been removed for other use and are not subject to the

decontamination procedures in this closure plan.

If the site does not meet the closure performance standard,
and closure activities are required, construction equipment
that may be contaminated by contact with the soil will also
be decontaminated. All construction equipment involved with
removing contaminated soils, lines and tanks will be scraped
or brushed to remove chunks of so1l or debris whenever the
equipment leaves the excavation area. The areas used for
scraping or brushing will be raked and/or swept to collect
all removed chunks. The collected material will be handled

as necessary based upon its radioactive and hazardous

characteraistics.
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5.1.3 Evaluating Radioactive Contamination

All auxiliary equipment that has not been removed will be
surveyed for radioactive contamination as a part of closure.
It 1s currently anticipated that all such equipment will be
well below regulatory or guidance levels of radioactive

contamination given below.

5.1.3.1 Surveying for Alpha

The exposed area of the item will be surveyed for removable
alpha contamination by smearing the item with a 5.5-
centimeter (cm) Reeve-Angel filter paper and counting the
smear 1n a scaintillation-type smear counter instrument. To
be considered “clean," the 1tem must have removable alpha
contamination less than 20 disintegrations per minute (dpm)
rer 100 square centimeters (cmz). To facilitate surveys of
larger surfaces, an area of one square meter will be
smeared. For these large surfaces, the total activity must

be less than 50 dpm to be considered "clean."

The exposed are of the item will also be surveyed for non-

removable or fixed contamination using the air proportional-
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type alpha survey instrument. The direct count must be less

than 250 counts per minute (cpm) to be considered "clean."

If the removable alpha contamination 1i1s greater than
20 dpm/100 square centimeters, or the fixed contamination is
greater than 250 cpm, the i1tem will be broken down, packaged

and shipped off site for disposal at a facility approved for

disposal of radioactive wastes.

5.1.3.2 Surveying for Beta-Gamma

The exposed areas of the item will be surveyed for removable
beta-gamma contamination by smearing the component with a
5.5-cm Reeve-Angel filter paper and counting the smear with
a Ludlum Model 31 instrument. To be "clean," the i1tem must
have removable beta-gamma contamination less than
200 cpm/100 square centimeters, provided the background
count does not exceed 100 cpm. For larger surfaces, an area
of one square meter will be smeared. For these larger
surfaces, the total activity must be less than 400 cpm,

provided the 1ncluded background count does not exceed

100 cpm.
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The exposed areas of the 1tem will also be surveyed for
fixed beta-gamma contamination using a Ludlum Model 31,
Geiger-Mueller type instrument. The instrument probe waill
be placed close to and moved slowly over the i1tem and the
count rate reading noted. The reading must be less than
600 cpm to be considered "clean," provided the background

count does not exceed 100 cpm.

To be considered "clean," the combined total of removable
and fixed beta-gamma contamination must be less than 60 cpm,
provided the removable contamination 1s 1less than

200 cpm/100 square centimeters and the background count does

not exceed 100 cpm.

If the background count exceeds 100 cpm, the count must be
performed i1n a different area or sufficient shielding nmust

be provided so that background level 1s not greater than

100 cpm.

5.1.4 Decontamination Facility

A decontamination facility is not currently anticipated to

be necessary to complete the West Spray Field closure.
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6.0 WASTE CONTAINMENT SYSTEM

6.1 Introductaion

The west spray field may be closed with wastes remaining 1in
place. Owners or operators of land treatment facilities, as
required 1n 6 CCR 1007-3, Section 265.280(a), must address
the following objectives regarding waste containment and

indicate how they will be achieved.

o Controlling migration of hazardous waste and
hazardous waste constituents from the treated area

‘ intc the ground water.
o Controlling the release of contaminated run-off

from the facility into surface water.

0 Controlling the release of airborne particulate
contaminants caused by wind erosion.

This section discusses methods of containment, presented on
Figure 1-5, that may be used individually or in combination
to meet the above mentioned objectives, 1f waste containment
is required. These components are:

o Grading, including constructing drainage and

diversion systems,

o Capping
o Vegetating

6-1
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6.2 Area Requiring Containment

It 1s anticipated that no area of the West Spray Field waill
requlre containment. The need for containment will be
reevaluated subsequent to completion of the additional

sampling and analyses and englneering studies.

6.3 Characteristics of Containment System

6.3.1 Grading

6.3.1.1 General

It is anticipated that no area will require grading or
containment. The grading requirement will be reevaluated
upon completion of the additional so1l sampling and analyses

and engineering studaies.
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6.3.1.2 Constructing Drainage and Diversion Systems

It 1s currently believed that surface drainage and diversion
systems to provide surface runon and runoff control at the
West Spray Field, are not necessary. The need will be
reevaluated subsequent to completing the additional sampling

and analyses and engineering studies.

6.3.2 Capping

It 1s currently believed that a cap at the West Spray Field
will not be necessary. The need for a cap will be
reevaluated after completion of additional site

characterization activitaies.
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7.0 MONITORING OPERATIONS

Ground-water contamination at the Rocky Flats Plant has been
the subject of ongoing 1nvestigations being performed
pursuant to the Resource Conservation and Recovery Act
(RCRA), the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA), and the U.S. DOE

Comprehensive Environmental Response Program (CERP).

An assessment of the ground-water contamination resulting
from the west spray field is presented as part of the

hydrogeclogical site characterization presented in

Appendix 4.

Interim status and post-closure monitoring of ground water

1s discussed in Section E of the Post-Closure Care Permit.
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8.0 FOOD CHAIN CROPS

40 CFR 265.276 requires:

"An owner or operator of a hazardous waste land
treatment facility on which food chain crops are being
grown, or have been grown and will be grown in the
future, must notify the Regional Administrator waithin
60 days after the effective date of this part."

Food chain crops are not grown and will not be grown at the

west spray field.
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9.0 SITE SECURITY

The existing security measures at the Rocky Flats plant

i1nclude:

o a three-strand barbed wire cattle fence
surrounding the facility (Figure 1) posted to
1dentify the land as a government reservation/
restricted area (U.S. Department of Energy, 1985),
where the west spray field 1is located,

o a fence surrounding and guards posted 24 hours per
day at two gates to the controlled area of the
facilaity (Figure 1), and

o surveillance by security cameras 24 hours per day.

The existing security measures are sufficient to meet the

requirements of 6 CCR 1007-3, Section 265.14.

The existing fences and gates are operated and maintained by
the U.S. Department of Energy. Maintenance requirements
w1ll be performed by the U.S. Department of Energy,

regardless of the activities at the west spray field.
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CLOSURE CERTIFICATION

10.1 Certification Requirements

Closure certification requirements are outlined in 6 CCR

1007-3, Section 265.115 and 40 CFR 265.115:

"Within 60 days of completion of closure of each
hazardous waste surface impoundment, waste pile, 1land
treatment, and landfill unit, and withain 60 days of
completion of final closure, the owner or operator must
submit to the Department of Health/Regional
Administrator by registered mail, a certification that
the hazardous waste management unit or facility, as
applicable, has been closed 1n accordance with the
specifications in the approved closure plan. The
certification must be signed by the owner or operator

and by an 1ndependent registered professional
engineer."

Certification by an 1ndependent registered professional

engineer does not guarantee the adegquacy of the closure

procedures and does not necessarily involve detailed testing

and analyses. It implies that, based on periodic facility

inspections, closure has been completed 1n accordance waith

the

specifications in the approved closure plan (U.S.

Environmental Protection Agency, 1981).
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10.2 Activities Requiring Inspections by a Registered
Professional Engineer

The activities requiring inspections by an i1independent
registered professional engineer cannot be finalized untail
the activities necessary for closure have been defined. The
closure plan will be completed following completion of

additional so0il sampling and analyses and engineering

studaes.

The types of activities requiring inspections could include:

o performing additional treatment,

o removing all or portions of the contaminated soil,

o implementing stabilization technology,

o constructing containment systems in the west spray
field,

o facility decontamination, and

o equipment decontamination or disposal.

10.3 Anticipated Schedule of Inspections by a Registered
Professional Engineer

An 1ndependent registered professional engineer waill
periodically review the closure operations, when finalized,
in order that a final certification of closure can be

developed which states that the closure has been carried out

10-2
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according to the plan. The engineer wi1ill observe
construction activities and be present during performance
and completion of key closure activities. The engineer will
periodically obtain and review the results of chemical
testing which provide a record of the progress and

effectiveness of the implemented closure plan.

The independent engineer and the owner will, at the end of
closure, 1inspect the site and certify that the closure plan
was carried out as described. Prior to final certification,
deficiencies noted by the engineer will be corrected. When
deficiencies have been corrected, the engineer will 1ssue a
written report to the regulatory agencies certifying that

the facility has been closed according to this closure

document.
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1. INTRODUCTION

CEARP Phase 2 Confirmation consists of CEARP Phase 2a, Monitoring Plan,
and CEARP Phase 2b, Site Characterization (Remedial Investigation) This Sampling
Plan 1s one component of the Monitoring Plan for Rocky Flats Plant The Monitoring
Plan typically consists of five parts Synopsis, Samphing Plan, Technical Data Man-
agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control
(QA/QC) Plan Because of the Compliance Agreement between the State of Colorado,
the Environmental! Protection Agency, and the Department of Energy (DOE), this
Monitoring Plan also includes a Feasibility Study Plan

CEARP uses a three-tiered approach in the preparation of monitoring plans
the CEARP Generic Monitoring Plan (CGMP), the Installation Generic Monitoring
Plan (IGMP), and the Site Specific Monitoring Plans (SSMPs) This revised IGMP
serves as the Comprehensive Source and Plume Characterization Plan required by the

Compliance Agreement  Therefore, the acronym used to refer to this plan 1s
IGMP/CSPCP

This IGMP/CSPCP Sampling Plan details specific guidance for implementation
of CEARP Phase 2b site characterizations (remedial investigations) at Rocky Flats
Plant and follows the guidance provided in the CGMP The Sampling Plan 1s com-
plemented by and inseparable from the Technical Data Management Plan and the
Quality Assurance/Quality Control (QA/QC) Plan Sections of the Sampling Plan are
supported by reference to the other plans, and to the Synopsis Emphasis 1s placed on
integration of efforts for each of the CEARP Phases Phase 3 (Technological Assess-
ment), Phase 4 (Remedial Action), and CEARP Phase 5 (Compliance and Verification)

This IGMP/CSPCP Sampling Plan provides the following basic components of
sample/measurement collection and analysis at Rocky Flats Plant

- objectives and goals of the 1nvestigation,

- methods and procedures and their justification,

- transportation and shipping information, and
- guidance for the site-specific investigations
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The initial CEARP Phase 2 site characterization (remedial investigation) has
provided considerable data to definc regional and installation-wide geology, hydrol-
og), and water quality These data will be further analyzed and interpreted as a first
step of the site characterization (remedial i1nvestigation) being performed under this
IGMP/CSPCP Monitoring Plan This analysis will define additional installation-wide
data needs to enhance understanding of the surface water and groundwater pathways
Some of these data needs have been identified, and are presented in Section 3 of this
Sampling Plan Additional installation-wide sampling locations, soils boring locations,

and monitoring well locations may be i1dentified based on the results of these analy-

SEs.

Current understanding of the hydrogeological system and contaminant sources
at Rocky Flats Plant has resulted 1n definition of several high-priority sites (DOE
1986f) These sites appear to be the primary sources of the known groundwater
plumes Therefore, the 1nstallation-wide source and plume characterization (remedial
investigation) will be accomplished by first evaluating these high-priority sites,
tracing the contaminant plumes originating from these sites, and integrating these
data on an installation-wide basis Second, all lower-priority sites will also be
characterized and these data incorporated into the data base The details of the site-
specific plume characterizations will be presented in the SSMPs The installation-
wide characterization (remedial investigation) presented in this IGMP/CSPCP may be

modified based upon the results of these site-specific analyses

The premise of this Sampling Plan 1s that installation-wide data needs are
mostly satisfied by site-specific requirements Installation-wide needs encompass ad-
ditional clarification of the sources contributing to and contaminant levels within the
groundwater plumes, definition of interconnections and contaminant transport within
the hydrogeologic system, and i1dentification of gaps within the data base To address
these needs, this Sampling Plan was organized as follows

- The remainder of the introduction outlines the objectives of the site
characterization

- Section 2 presents the site survey and mapping criteria that ensure a
common frame of reference

- Section 3 identifies 1nstallation-wide and site-specific data require-
ments
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- Section 4 presents the sampling plan and rationale to be followed
- Section § identifies the sample numbering system
- Section 6 identifies sampling equipment and procedures

- Section 7 discusses sample analysts and handling

- Section 8 presents sample documentation and tracking procedures

11. INTEGRATED APPROACH

Sampling at Rocky Flats Plant will be conducted using an integrated approach
The 1ntegrated approach i1s summarized 1n the Synopsis (Section 5 2) and detailed here
The 1ntegrated approach breaks site characterization (remedial investigation) activi-
ties 1nto stages, 1o which the results from previous stages of sampling are used to re-
fine the conceptual model used to design successive stages of sampling This 1terative
process incorporates the experience and knowledge gained from each stage to mini-
mize the total number of samples required to adequately characterize the site and to
provide the necessary data base to prepare feasibility studies for alternative remedial
actions The benefit of staged sampling 1s greater flexibility within the sampling

program with a minimum of cost

1.2. OBJECTIVES OF THE SAMPLING PROGRAM

The overall objectives of CEARP Phase 2b site characterizations (remedial 1n-

vestigations) are to
- verify and characterize contaminant sources,

- determine the present areal and vertical extent of groundwater con-
tamination plumes,

- estimate potential for contamipant migration (including rate and di-
rection) to support risk assessment studies,

- support 1dentification and technology assessments (feasibility studies)
of alternative response actions, including the alternative of "no ac-

tion," and

- support of long term monitoring and verification
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These objectives are detailed for particular ¢lements of the sampling program,

as follows

1.2.1 Location of Waste Sites

The locations and boundaries of waste sites will be defined under CEARP
Phase 2b site characterizations (remedial investigations) i1n order to delineate source
areas for potential cleanup (¢ g, removal or containment) This will enable evaluation

of the potential for migration of contaminants into the environment and evaluation

of alternative remedial actions

12.2 Soils and Geology

Sampling of geologic materials at Rocky Flats Plant will include sampling of
soils and waste materials found within the soils and bedrock The objective of this

sampling 1s to confirm the types, concentrations, and extent of wastes and/or contam-

inant migration

Geotechnical characterization at Rocky Flats Plant will be performed to sup-
port the evaluation of waste migration (¢ g, sampling and testing for hydraulic prop-

erues) and to support the technological assessments (feasibility studies) of alternative

remed:al actions

12.3 Groundwater

The CEARP Phasc | Assessment of Rocky Flats Plant recommended hydrogeo-
chemical i1nvestigations of the aquifer systems 1o the immediate vicinity of the plant
based on the ongoing hydrogeological studies An i1nitial CEARP Phase 2b site char-
acterization (remedial 1nvestigation) was conducted 1n 1986 with the objective of
supplementing the existing hydrogeochemical understanding of the location, direction,
rate of movement, recharge, and discharge of the hydrogeologic systems Under the
revised IGMP/CSPCP, this investigation will be expanded to fill area-wide and site-
specific hydrogeologic data gaps Ultimately, the 1nvestigation has the objective of

providing a comprehensive data base for evaluating remedial actions

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan Section 1, page ¢



Existing groundwater quality data indicate that radioactive and chemical con-
taminants have entered the groundwater flow system As a result of this information
radioactive and chemical contamination 1n groundwater will be a major focus of the
site characterization (remedial investigation) activities The objectives of groundwa-
ter sampling are as follows

- Identify and characterize the source(s) of contaminants in the
groundwater

- Determine the present areal and vertical extent of groundwater con-
tamination

- Estimate the potential for contaminant migration (1ncluding rate and
direction) to support risk assessment studies

- Support the 1dentification and technology assessments (feasibility
studies) of alternative remedial actions

1.2.4 Surface Water

Surface water was not i1dentified as an important pathway for contaminant
miagration 1n the CEARP Phase I Installation Assessment All available surface water
data are presented 1n the Geological and Hydrological Data Summary for Rocky Flats
Plant (RI 1986¢) The additional 42 surface water sampling locations used in the 1ni-
tial CEARP Phase 2 site characterization were selected based on these data and per-
ceived data gaps Approximately half of these 42 stations were dry during the 1986
sampling season These stations will be sampled as part of the site characterization
(remedial investigation) being conducted under this IGMP/CSPCP Monitoring Plan
The primary objective of surface water sampling under this IGMP/CSPCP Sampling
Plan 15 to support the characterization of the hydrogeochemical setting at Rocky Flats

Plant by providing data on the interconnection between surface water and groundwa-

ter

12.5 Biota

The CEARP Phase 1 Assessment for Rocky Flats Plant and the Radioecology
and Airborne Pathway Summary Report (RI 1986b) did not identify biota as a
significant pathway for contamination There are no current plans for biological

sampling
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12.6. Air

The CEARP Phase I Assessment of Rocky Flats Plant and the Radioecology
and Airborne Pathway Summary Report (RI 1986b) did not identify air as a signifi-
cant pathway for contamination [Existing air monitoring programs appear to have
adequately characterized the air pathway, and there are no current plans for addi-
tional air pathway characterization However, air will be monitored under the health
and safety program If this monitoring i1ndicates that sampling activities are impact-

ing the air pathway, more characterization data will be collected as appropriate

1.3. SCOPE

The sampling activities outiined 1n this Sampling Plan will be completed 1n
two or more stages in line with the integrated approach being used by CEARP The
scope of sampling and subsequent stages of sampling will be refined based on data
analyses The anticipated scope of sampling corresponds to the data needs described
in the Synopsis SSMP Sampling Plans will be prepared for each site or group of sites,

as appropriate

Data collection activities that apply generically to all or most sites include the
following

- geophysical and soil gas surveys to locate waste sites and describe
metallic objects within wastes,

- land surveying to ti¢ 1n geophysical surveys and provide precise loca-
tions of sites, and to provide a baseline for the location of sampling

at sites, and

- aerial photography to identify waste sites and past waste disposal
practices

1.3.1. Soils and Geology

Sampling of geologic materials and wastes will be conducted during the
CEARP Phase 2b site characterizations (remedial 1nvestigations) Sampling may in-

clude both soil and soi1l gas sampling The scope of anticipated sampling includes the

following
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- sampling of soil gases using a field gas chromatograph, photoioniza-
tion detector and/or organic vapor analyzer,

- sampling and analysis of soil to determine the presence, con-
centration, and distribution of potential contaminants, and

- sampling, analys1s, and testing of soil 1n support of hydrogeochemical
characterizations and engineering studies

1.3.2 Groundwater

Groundwater samples will be taken to refine the site-wide hydrogeological

conceptual model and to determine the extent of contaminant magration within

groundwater of the plant

The scope of groundwater characterization includes i1avestigation of the qual-
1ty of water within both the alluvium and bedrock This includes borings and moni-
toring well 1nstallation 1n areas adjacent to waste sites Surface geophysical methods
and so1l gas investigations are within the scope of this characterization

1.3.3 Surface Water

The scope of surface water characterization at Rocky Flats Plant includes

sampling of streams, ditches, and seeps which might be impacted by contaminants

14 SCHEDULE

CEARP Phase 2b sampling activities at Rocky Flats Plant will begin at high-

priority sites under the Site-Specific Monitoring Plan  The sampling schedule 1s pre-

sented separately
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2. SITE SURVEY AND MAPPING

Surveying and mapping will be conducted at an installation level to assure a
common frame of reference for all site characterizations (remedial investigations)
All monitoring stations will be surveyed unless a high degree of accuracy 1s deter-
mined unnecessary for a particular station Additional detail and guidance regarding

site surveys and mapping 1s provided 1n the Technical Data Management Plan

2.1. INSTALLATION COORDINATE SYSTEM

All monitoring locations will be described 1n accordance with the Rocky Flats
Plant Installation Coordinate System The plant coordinate system has been tied into
the Colorado State Coordinate System using benchmarks established by the USGS
Horizontal survey data will be reported 1n both Rocky Flats coordinates and State co-
ordinates so data collected on plant site can be related to regional data as necessary

Elevations will be reported 1n English units as feet above mean sea level

2.2 AREA OF INTEREST

The area of interest to be surveyed and mapped has been established according
to the guidelines contained in the Technical Data Management Plan Rocky Flats
Plant 1s contained within one property boundary Thus, the area of interest extends

to the plant property boundaries

2.3 SCOPE OF WORK FOR SURVEYING

Tolerances of +001 ft vertically and +0 1 horizontally will be used 1n locating
base stations and control points Tolerances of 001 ft verucally and | ft horizon-

tally will be allowed when surveying sampling locations
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3 DATA REQUIREMENTS

This section presents an overview of the present situation and data require-
ments for 1installation-wide source and plume characterization at Rocky Flats Plant 1n
accordance with the Compliance Agreement Also included are general requirements
for CEARP Phase 2b site characterizations (remedial investigations) Detailed data
collection requirements for specific sites will be presented 1n the appropriate SSMP
Sampling Plans The goal of CEARP Phase 2b cfforts 1s to collect sufficient data to
meet the requirements of site characterizations, feasibility studies and
risk/endangerment assessments, to identify alternatives for remedial action and to

plan long term monitoring and verification

3.1 INSTALLATION DATA NEEDS

Installation-wide data neceds have been identified as necessary to support the
characterization of contam:inant plumes, and to develop and continually refine con-
ceptual models of contaminant transport The data required for installation-wide site
characterization (remedial investigation) may be broken into four major categories

sources, geology, groundwater, and surface water

This section presents a brief summary of the current environmental situation
at the Rocky Flats Plant and i1dentifies gaps 1n the existing data base Section 4 pre-

sents the Sampling Plan to fulfill 1dentified data needs

311 Solid Waste Management Units

Solid Waste Management Units (SWMUs) were 1dentified 1n the RCRA Part B
Permit Application (DOE 1986b) Each of thesc solid waste managements units was
assigned a reference number and located on an aerial photograph base map (Plate |)
This base map and a tabulation of all solid waste management units cross-referenced

to the CEARP Phase I report 1s presented 1n the Rocky Flats Plant IGMP/CSPCP Syn-

opsi1s

The locations and nature of solid waste management units at Rocky Flats Plant
have been defined based on existing information (DOE 1986b, DOE 1986f) Further
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investigations of these solid waste management units should include precisely locating

cach unit and sampling 1n or near the unit to verify reported locations and contents

3.1.2. Soils and Geology

3.1.2.1 Geology

Available geologic data at Rocky Flats Plant consists of numerous regional and
installation-specific geologic and geotechnical reports Stratigraphy and lithology are
available from geotechnical investigations at the present landfill, the solar ponds, var-
ious onsite buildings, and from groundwater monitor well installations These data
are presented 1n the Geological and Hydrological Data Summary for Rocky Flats
Plant (RI 1986¢c) In addition, detailed mapping of surficial and bedrock geology at
the plant was performed as part of the initial CEARP Phase 2b site characterization
(remed:al investigation) performed 1n 1986 1n response to the Compliance Agreement

Surficial Geology Surficial deposits at Rocky Flats Plant consist of Rocky
Flats Alluvium, several alluvial materials 1n the valleys, and colluvium The valley
alluvial materials are Verdos Alluvium, Slocum Alluvium, recent terrace alluviums
and recent channel deposits (valley fill) The general composition and lateral cxtent
of surficial deposits were well defined by the 1986 mapping effort (DOE 1986f) The
thickness and compositional variations of alluvium and colluvium were well defined

where borehole data exist (DOE 1986f)

Additional 1nstallation-wide data on surficial geology are not considered neces-
sary However, additional site-specific surficial geology data will be collected during

monitor well installation as presented 1n the SSMP Sampling Plans

Bedrock Bedrock units beneath Rocky Flats Plant consist of Cretaceous Fox
Hills Sandstone, Laramie Formation and Arapaho¢ Formation The Fox Hills Sand-
stone and lower Laramie Formation sandstones outcrop 1n clay pits west of the plant
and were characterized by the 1986 geologic mapping (DOE 1986f) The upper

- Laramie Formation claystones subcrop bencath the Rocky Flats Alluvium 1a the west-

ern plant buffer zone, and the Arapahoe Formation subcrops immediately beneath
and east of the plant OQutcrops of these formations were located by the 1986 geologic
mapping, however, the contact between the Laramic and Arapahoe Formations could
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not be positively identified in the ficld (DOE 1986f) Based on boring logs, the con-
tact was estimated to be below the the first Arapahoe sandstone that was greater than

5 ft thick (DOE 1986f)

Because the Arapahoe Formation subcrops beneath and east (downgradient) of
the plant, the locations and extent of sandstone bodies within the formation are im-
portant to an understanding of the bedrock flow system and contaminant transport
During the mmitial CEARP Phase 2b site characterization (remedial investigation),
bedrock wells were cored to the first total sandstone cumulative thickness of 3 ft
within a 10-ft interval, and bedrock monitor wells were completed i1n these sand-
stones This drilling program 1dentified numerous sandstone bodies at various depths
beneath the plant which were previously unidentified The sandstones are lenticular,

discontinuous and stratigraphically complex (DOE 1986f)

An 1nstallation-wide bedrock investigation may be necessary to support the
quantification of groundwater flow patterns and solute transport 1n the groundwater
If warranted, based on plume characterizations, additional core data will be collected
to determine the extent of known sandstones and to locate previously unidentified

sandstone lenses

31.2.2 Geotechnical

Geotechnical tests have been conducted on materials from many of the onsite
borings Data collected to date include standard penctration tests, Atterburg limits,
and grain-size analyses of various materials (RI 1986¢) Cores have been collected
during the mmtial CEARP Phase 2b site characterization (remedial investigation) that
will be tested to evaluate permeabilitics, porosities, and physical properties of bedrock
and alluvial units in support of hydrogeologic characterization Based on the results

of these tests, additional i1nstallation-wide data needs may be i1dentified

3.1.3 Groundwater

31.31 Hydrology

There are two hydraulically-connected groundwater flow systems at Rocky

Flats Plant These occur 1n the Rocky Flats Alluvium and other surficial materials,
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and 1n the bedrock (primarily 1n the claystones and sandstones of the Arapahoe For-

mation)

Presented below 1s a discussion of cach flow system and the data needs to sup-

port potential groundwater modeling efforts

Shallow Flow System The shallow alluvial groundwater system 1n the Rocky
Flats Alluvium and other surficial materials occurs under unconfined conditions The
svstem 15 recharged by infiltration of incident precipitation and surface water
Shallow groundwater flow generally follows topography to the east and toward the
drainages Discharge areas are springs and seceps at the alluvium/bedrock contact and
major drainages The shallow system appears to be quite dynamic, as large water
table fluctuations occur 1n response to seasonal stresses As a result of these fluctua-

tions, large unsaturated zones within the system occur during certain portions of the

vear

Shallow groundwater flow rates were calculated based on single-hole draw-
down-recovery test data collected during the initial CEARP Phase 2b site character:-
zation (remedial investigation) (DOE 1986f) Data available to date indicate mean

hvdraulic conductivaities as follows

Hydraulic Conductivity

Material {cm/sec)
Rocky Flats Alluvium 1072

7x
Walnut Creek Alluvium 3x 1073
Woman Creek Alluvium 3x lO'3

The effective porosity of alluvial materials 1s assumed to be 01 (Hurr 1976)
Based on the hydraulic conductivities presented above, an assumed effective porosity
of 01, and gradients determined from the initzial CEARP Phase 2 site characteriza-
tion, groundwater velocities were calculated for each geologic unit listed above The
horizontal velocity 1s approximately 14 ft per year 1n the Rocky Flats Alluvium, ap-
proximately 900 ft per year in Woman Creek alluvium and approximately 9 ft per
year in Walnut Creek alluvium Dissolved chemical species do not migrate as far as
implied by the velocity calculations because the surficial materials are not saturated
year-round Portions of the Rocky Flats Alluvium are probably saturated throughout

the year, and conservative (nonattenuated) species in Rocky Flats Alluvium ground-
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water could travel annual distances of the order calculated However, conservative
species 1n valley f1ll groundwater cannot travel the predicted distances because these

materials are dry during portions of the year (1986f)

The shallow flow system at Rocky Flats Plant 1s generally understood, how-
ever, additional flow data are needed for a detailed understanding of the system
Seasonal water level fluctuations and unsaturated zones within the system need to be
better defined on an installation-wide scale to describe the dynamic groundwater flow
system Hydraulic conductivity and effective porosity values also need to be deter-
mined 1n the field for the Woman Creck Alluvium to support a quantitative evalua-

tion of solute transport at Rocky Flats Plant

Bedrock Flow Svstem Most groundwater flow in the Arapahoe Formation oc-
curs 1n lenticular sandstone bodies contained within the claystones Recharge to the

sandstones occurs by leakage through the claystones or where the sandstones are 1n di-
rect contact with saturated surficial materials Groundwater in the sandstones flows

east toward the point of regional discharge along the South Platte River

Groundwater flow rates estimated by DOE (1986f) were based on the 1nitial
CEARP Phase 2 site characterization (remedial investigation) and regional data
Based on single-hole drawdown-recovery tests and packer tests, the sandstones have an
average hydraulic conductivity of 2 x lO'6 cm/sec  Average hydraulic conductivity
values for weathered and unweathered claystone were developed using packer test
data These values were approximately 5§ X 10'7 cm/sec for weathered claystone and
1 x 10'7 cm/sec for unweathered claystone Assuming an effective porosity of 01
and the regional gradient, the horizontal velocity of the sandstones was estimated to

be approximately 06 ft per year (DOE 1986f)

There 15 a strong downward gradient between the shallow and bedrock flow
systems (DOE 1986f) These gradients range from 020 to 10 based on onsite water
level data from paired bedrock and shallow wells No vertical conductivity values
are available for the claystones, however, a value one-third of the horizontal conduc-
tivity of | x 10'7 was assumed 1n order to calculate 2 downward groundwater velocity
of 01 ft per year (DOE 1986f)
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Additional data are nceded to better define bedrock flow directions and veloc-
1t1es at Rocky Flats Plant Refined horizontal and vertical hydraulic conductivity as
well as effective porosity values are needed for the sandstones and claystones to fur-
ther evaluate groundwater flow velocities and solute transport Further testing of

well pairs 1s also needed to investigate vertical gradients between the shallow and

bedrock flow systems

3.1.3.2 Quality

Groundwater conditions at Rocky Flats Plant have been monitored since 1961
and chemical data exist for monitoring over the past ten vears In addition, ground-
water samples were collected from 27 existing wells and the 69 new wells during the
initial CEARP Phase 2 site characterization (remedial investigation) (Plate 2) Based
on these data, a one-time characterization of alluvial and bedrock water quality 1s
presented in the RCRA Part B Permit Application (DOE 1986f) and summarized in
the IGMP/CSPCP Synopsis This characterization 1ncludes a discussion of background
and downgradient water quality Because the groundwater quality discussion pre-
sented by DOE (1986f) 1s based on a one-time sampling event, seasonal water quality
fluctuations need to be evaluated on an i1nstallation-wide basis Quarterly groundwa-
ter quality data are being collected as specified 1n the RCRA Part B Operating Permit
Application In addition, site-specific groundwater quality will be evaluated during

CEARP Phase 2b site characterizations

314 Surface Water

3141 Hydrology

Three 1ntermittent streams drain Rocky Flats Plant Flow 1s generally from
west to east Rock Creek drains the northwestern corner of the plant site and flows
to the northeast toward 1ts offsite confluence with Coal Creek Woman Creek drains
the southern portion of the plant site and flows eastward to Standley Lake North
and South Walanut Creek and an unnamed tributary drain the remainder of the plant
site A series of dams, retention ponds, diversion structures and ditches have been

constructed at the plant to control surface water and limit the potential for release of
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poor quality water A detailed discussion of this system 1s presented in the RCRA

Part B Permit Application (DOE 1986f)

The surface water flow system 15 well understood and documented (DOE
1986f) Surfacec water flow neceds to be monitored on an installation-wide scale to de-

scribe seasonal fluctuations 1n flows and to support groundwater flow and solute

transport modeling

3.1.4 2. Quality

Surface water quality 1s characterized i1n detail 1n the RCRA Part B Permit
Application (DOE 1986b) This characterization 1s based on a one-time site character-
1zation sampling event and NPDES monitoring The 1nitial CEARP Phase 2 site char-
acterization (remedial 1nvestigation) characterized surface water hydrology by mea-

suring flow rates and sampling surface water at onsite sampling stations (Plate 2)

Surface water discharged from retention ponds 1s monstored regularly to doc-
ument comphance with NPDES permit requirements The NPDES permit 1s issued
and regulated by EPA and requires the plant to monitor for specific pollutants at
seven discharge locations These seven discharge locations are pond B-3 (discharge
001), pond A-3 (discharge 002), Reverse Osmosis Pilot Plant (discharge 003), Reverse
Osmosis Plant (discharge 004), pond A-4 (discharge 00S), pond B-5 (discharge 006) and
pond C-2 (discharge 007) Sanitary effluent limitations are placed on pond B-3
(sewage effluent), and limitations for nitrate and pH are placed on pond A-3 Dis-
charge limits apply to the Reverse Osmosis Plant, and Iimitations on sediment release
apply to ponds A-4, B-5 and C-2 In addition to NPDES permit requirements, all of
these discharges are momitored for pH, nitrate as mitrogen, nonvolaule suspended

solids, plutonium, americjum, uranium, and tritzum (R1 1986a)

Surface water quality was characterized by DOE (1986f) However, continued
monitoring of NPDES discharge locations and the other surface water sampling loca-

tions 1s necessary to define seasonal fluctuations in surface water quality
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3 2. SITE-SPECIFIC DATA NEEDS

Data needs at the solid waste management units may be separated into three

major categories soils and geology, groundwater, and surface water

32.1. Soils and Geology

32.1.1 Soils and Wastes

Data needs for soils include geotechnical data (e g, grain size, clay content,
moisture content, compaction, and permeability), vadose zone data (e g, adsorptive
capacity, buffering capacity, and pore fluids and soi1l chemistry), and variability of
these parameters Collection of soil data may be accomplished by detailed soil sam-
pling and testing and/or installation of soil water samplers as necessary In addition,
the extent of surficial contamination may be investigated by collecting surface soils

and screening them for radioactive materials

Data needs for waste characterization will include sources, site boundaries,

physical state, composition, and concentrations of waste materials

32.1.2 Geology

Geologic data needs include depth and composition of surficial materials, the
local extent and lithology of existing sandstones, and the geotechnical characteristics

of both surficial and bedrock materials

32.2 Groundwater

Groundwater data needs include the monitoring of water levels, the determina-
ton of water quabity and hydraulic conductivity, definition of local stratigraphy and
lithology, and quantification of seeps to surface Tasks designed to fill groundwater
data needs at the high-priority sites will inciude installation of monitoring wells 1n
both alluvium and bedrock, sampling and geotechnical testing of alluvial and bedrock

materials, and sampling and analysis of groundwater The ¢levation of groundwater
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will be measured 1n wells and at seeps to provide data for determination of ground-
water flow directions A complete description of the tasks to be implemented will be

presented 1n the 1individual SSMP Sampling Plans

3.2.3. Surface Water

Surface water data needs include topographic mapping, interceptor ditch flow,
surface water flow and quality, and their variabality The surface water i1nvestiga-
tson will inciude preparation of detailed topographic maps of cach area of investiga-
tion to determine drainage area characteristics Water samples from the interceptor
ditches and creeks will be collected from multiple locations upstream, adjacent to, and
downstream from the area being investigated Stream flow data may be coilected

from existing gauging stations or new installations
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4 SAMPLING PLAN AND RATIONALE

4 1. INSTALLATION-WIDE SAMPLING PLAN

The first task of this Sampling Plan will be to review all available data so that
a conceptual understanding (model) of the existing system can be developed The sec-
ond task will be to i1dentif y specific locations where sampling and testing are to be
conducted to test the conceptual model Discussion of the probable techniques to be

used for collecting data 1s provided below

411 Sous and Geology

41 1.1. Soils and Wastes

Characterization of suspected waste sites will be conducted on a site-specific
basis (Section 42) Characterization will include source locations, waste compositions,
and evaluation of potential migration pathways As stated in the introduction, most
of the installation-wide characterization (remedial 1nvestigation) needs will be satis-
fied by activities carried out under site-specific investigations These site-specific
data will be used as input to the mathematical model(s) that will be used to evaluate
contaminant transport through the various pathways on an installation-wide basis

Additional data needs 1dentified by this modeling effort will then be 1dentified

4112 Geology

Additional 1nvestigations of the geology at Rockv Flats Plant are anticipated
to be confined to collection of site-specific data Data to be generated include the
thickness and composition of alluvial deposits, the local extent and lithology of sand-

stone units, and geotechnical parameters of both bedrock and alluvial deposits

4.1.2 Groundwater

Characterization of groundwater flow and quality has been i1dentified as an
installation-wide data need Characterization of contaminant plumes in cither allu-

vial or bedrock units will be initiated on a site-specific basis
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Techniques to be used 1n developing these data may include multiple well-
pumping tests, slug tests, and tracer tests Monthly groundwater elevation measure-
ments of all wells will be conducted for at least one year 1n order to determine sea-
sonal variation 1n the potentiometric surface Drilling and installation of additional

groundwater monitoring wells 1n locations where data are lacking may be necessary

The extent of groundwater quality data needs will be more accurately evalu-
ated following reviews of the available data and the newly acquired site-specific
data  All new and existing monitoring wells will be monitored quarterly to ade-

quately characterize seasonal and spatial variation 1n groundwater quality

4 1.3. Surface Water and Sediment

Characterization of surface water flow and surface water quality will be 1n-
vestigated on an installation-wide basis Quarterly sampling of surface water 1n each
drainage will be necessary to detect secasonal variation in surface water quality Das-
charge information may be collected and evaluated from multiple locations on each

drainage to further characterize surface water flow patterns and to evaluate the rela-

tionship between surface water and groundwater

Sediment quality was characterized during the initial CEARP Phase 2 site
characterization (remedial investigation) (DOE 1986f) On an installation-wide basis,

additional sediment samples are not deemed necessary

42 GUIDANCE FOR THE SITE-SPECIFIC SAMPLING PLANS

This section provides a brief overview of the planned environmental monitor-
ing and site-specific characterization activities at Rocky Flats Plant Detailed discus-

sions ol the site-specific sampling efforts and rationale will be i1ncluded 1n the SSMP

Sampling Plans
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4.21. ils am 1

4211 Soils and Wastes

The delineation of waste site boundaries 1s an 1dentified data need (Section 2
of the Synopsis) Geophysical surveys will be conducted to delimit the boundaries
and 1dentif y some characteristics of waste sites The surveys will be tied 1n to the In-
stallation Coordinate System and established benchmarks The surveys will include a

sampling network specific to each potential waste site i1dentified 1n the SSMPs, with

systematic sampling on a grid basis

Specific geophysical techniques to be applied at Rocky Flats Plant are ex-
pected to include clectromagnetic induction (EM), magnetometry, metal detection, and
vertical electrical resistivity Electromagnetic induction and visual inspection will be
used as the primary means of locating areas of disturbed soil It will also be used for
reconnaissance of chemical spills Magnetometry and metal detection will be used to
locate buried metallic objects The location of metallic objects will provide data on
past burial operations and will be used as a guide for drilling locations to avoid
drilling 1nto those objects Resistivity will be used, as appropriate, to develop data on

the vertical extent of the source areas

Sampling of soil and wastes will be conducted to confirm the extent and char-
acteristics of potential contaminants and contaminant migration After waste site
boundaries are delineated by the geophysical survey, the waste sites will be sampled

using both soil gas sampling and soi1l borings

The specific number, location, depth, sampling interval, and requisite analvses
for both direct and indirect samples will be specified 1n the SSMPs
4212 Geology

Detailed i1nvestigation of the geology of cach site to be characterized 1s needed
in order to c¢valuate (1) the depth and composition of alluvial materials, (2) the local
extent and lithology of sandstones, and (3) the geotechnical characteristics of both the

alluvial and bedrock deposits
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Borings and cores at selected locations through the alluvium and 1nto bedrock
will be used to generate geologic data Samples of ecach unit will be collected and
lithologically described to generate data on the composition and extent of geologic

materials  Techniques for sample collection and description are included in Ap-

pendix A

4.2.1 3 Geotechnical

Site-specific geotechnical data will include laboratory tests to evaluate perme-
abilities, effective porosities, and physical properties of bedrock and alluvial units
Installation needs will be identified as appropriate Falling head permeability tests
will be performed on bedrock cores to investigate horizontal and vertical laboratory
permeabilitics, and capillary moisture tests will be conducted on bedrock cores to es-

timate effective porosities At least three samples of each bedrock unit will be tested

to account for sample variability

If existing data does not include physical properties data, physical properties
tests will be performed on appropriate bedrock and alluvial materials Physical prop-
erties tests will consist of grain-size analyses, Atterburg himats, and water content
tests Hydrometer tests will be performed if more than 50 percent of a sample passes
the 200-mesh sieve Physical property test results will be used to develop a basis for
selecting monitor well screen and filter pack sizes, to compare visual field classifica-
tions on boring logs with laboratory results, and to calculate permeability values

based on empirical correlations to physical properties

422 Groundwater

Specific tasks to be completed 1n order to characterize the hydrogeologv of
Rocky Flats Plant are expected to include soil gas surveys, monitor well installation
and sampling, and surface water sampling Soil gas surveys will be completed 1n or-
der to detect the distribution of volatile organic contaminants within the groundwater
as well as to assist 1n locating source arcas Installation and sampling of groundwater

monitoring wells will provide data on the flow and quality of groundwater 1n the

vicinmity of the sites

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan Section 4, page 4




423 Surface Water

Samphing of surface water will provide data on the potential impact of

groundwater on surface water quality

42.4 Air

Monitoring of air for particulates and organic vapors will be maintained on a
site-specific basis during invasive sampling (1¢, soil boring) for the purpose of pro-
tecting the health and safety of the samphing team This monitoring will be used to
determine the need, :f amy, for additional air quality sampling during site
characterizations (remedial investigations) Specific air monitoring procedures to be
used during invasive sampling will be specified in the SSMP Health and Safety Plans
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S. SAMPLE NUMBERING SYSTEM

Each sample collected for chemical analysis, including replicates, blanks, and
quality control check samples, will be 1dentified by a unique sample identification
number Samples are i1dentified by installation (Rocky Flats Plant), location (1¢, well
number), sample matrix, sample ID, date, and lot control number (for tracking lots as-
sociated with a particular blank, replicate, or quality control check sample) Sample

results will be reported by matrix on the same basis

Location ID and sample ID, including all of the above information, will be as-
signed by the subcontractor site manager These data identifiers will be assigned

prior to field activities Field personnel will carry a list of designations, keyed to a

map, 1nto the field with them

Additional locations may be assigned while field teams are onsite, if war-
ranted If additional locations are assigned during field activities, they will be doc-
umented by the field team It will be the responsibility of the field team leader to
make sure a "Location Information” form 1s completed A copy of the form 1s in-

cluded 1n Appendix B of the Technical Data Management Plan
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6 SAMPLING EQUIPMENT AND PROCEDURES

This section presents general procedures to be followed during the site charac-
terizations (remedial investigations) at Rocky Flats Plant Equipment and procedures

to be used are presented 1n Appendix A

6.1. SURFACE SOIL SAMPLES

Samples of surficial soil material may be collected from onsite arcas of Rocky
Flats Plant using a spade or scoop The samples will be placed into the appropriate
sample container, labeled, and transported to the laboratory, where they will be
screened for radioactive contamination The sampler will be decontaminated prior to

each use 1n accordance with the standard protocol presented 1o Appendix A

62. SOIL SAMPLES COLLECTED DURING DRILLING

Soi1l borings will be performed to characterize the nature and volume of
wastes General drilling and logging procedures are described 1o Appendix A Site-
specific modifications to these procedures will be 1ncluded 1n 1ndividual SSMPs

6.2.1 Samples for Laboratory Analysis

Continuous drive samples will be collected from the ground surface to total
depth where possible Total depth will vary depending on visual description of sam-
ples (1 e, presence of stains for metals) and qualitative screening for organics and

radionuclides

In general, up to six samples from cach boring at suspected waste sources may
be submitted for laboratory analysis Screening will be used to determine which sam-
ples to submit for laboratory analysis The purpose of screening 1s to obtain a prelim-
inary indication of the magnitude and distribution of volatile contaminants, metals,
and radionuchides 1n the subsurface Selection of the samples will be based on the
screening (visual, radiation, and organic vapors) Samples from the core at the fol-

lowing locations may be submitted to the laboratory
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- directly above the waste

- 1n the most contaminated zone of the waste

- directly below the waste

- at the base of the surficial material

- within the bedrock near the bedrock/alluvial contact

The exact location of the samples will be determined by interpretation of the
visual characteristics, and radiation and organic vapor measurements Two samples
characterizing the most contaminated zone of the waste may be submitted should the
zones of highest radiation and volatile organics not correlate Also, a sample directly
above the waste may not be submitted for analysis should this zone be at or near the
surface, because the surface will adequately demark the upper bounds of the waste
Should the waste be located within the bedrock, only one coring below the waste will

be submitted
Soil samples will be collected from soil borings near waste sources to determine
the extent and magnitude of soil contamination Visual, radiation, and organic vapor

screening will be used to determine which samples to submit for laboratory analysis

In general, up to three samples will be submitted for analysis

Sampling equipment will be decontaminated prior to each use in accordance
with the standard protocol presented 1n Appendix A
6.3 MONITORING WELL INSTALLATION

Monitoring wells will be installed on a site-specific basis to characterize

groundwater quality Their locations will be based on geophysical and soil gas sur-

vens
General procedures for the installation of monitoring wells are described n

Appendix A

6 3.1. Installation of Soil Water Sampler

Soil water samplers (lysimeters) may be iastalled for characterization of the

vadose zone A procedure for the installation of soil water samplers 1s included 1n

Appendix A

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Samphing Plan Section 6, page 2

e e v - .




6.3.2. Instaliation of Soil Water Monitors

Various devices to monitor soil suction or soil moisture content may be in-
stalled (e g, tensiometers, ncutron probe access tubes, thermocouple psychrometers,
and resistance blocks) The specific devices will be detailed 1n the SSMP Sampling
Plans Procedures for installation of tensiometers are included in Appendix A

64 GROUNDWATER SAMPLES

Migration through groundwater has been identified as a significant potential
pathway for release of contaminants to the environment at Rocky Flats Plant Sam-
pling of groundwater 1s necessary to cvaluate the degree of groundwater contamina-
tion which has occurred as well as the potential for future contaminant migration

All wells will be purged before sampling Procedures for well sampling and

purging are presented 1n Appendix A

6.5. HYDRAULIC TESTS

Groundwater systems may be tested to characterize hydraulic properties such
as hydraulic conductivaty and effective porosity, to calculate groundwater flow veloc-
i1ty, and to estimate other properties important to contaminant migration Procedures

for drawdown-recovery tests of monitoring wells are included 1n Appendix A

66 SURFACE WATER SAMPLES

Surface water samples will be collected from streams, ditches, and seeps to as-
sist 10 characterizing the hydrogeochemistry of Rocky Flats Plant  The samples will

be collected according to the protocol presented 1n Appendix A

6.7 STORAGE AND DISPOSAL OF DRILLING AND SAMPLING WASTES

Sampling and drilling activities could generate potentially hazardous solid and
liquid "wastes". The activities, anticipated type and amount of waste, and planned

handling of the wastes are summarized below
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- Waste boring sampling solid, auger cuttings and excess soil/cuttings
collected but not retained in sample containers--returned to borehole
upon completion (bentonite plugs placed at the base of the borehole
to approximately 2 ft above the base of waste material and also at
the surface of the borehole), liquid--none

- Surface soil sampling solid, any excess soil from that collected for
the composite--returned to holes created by sample collection, liquid--

nonc

- Sediment sampling solid, any excess sediment collected 1n auger but
not retained 1n jars--left at sampling site, hquid--none

- Surface water sampling solid--none, liquid--none

- Monitoring well installation solid, bulked i1n drums for screening
and/or composite testing and appropriate disposal when taken from
suspect contaminated sites, otherwise left on land surface adjacent to

well, iquid--none

- Vadose zone monitor installation solid, bulked 1n drums for compos-
1te testing and appropriate disposal when taken from suspect contam-
inated sites, otherwise, left on land surface adjacent to bore holes,

liquid--none

- Pump testing liquid, discharged to plant waste treatment system
when testing at a suspect contaminated site, otherwise, disposed of on
ground surface

- Groundwater purging/sampling solid--none, liquid, purged from
wells prior to samphing discharged to plant waste treatment system
when testing at a suspect contaminated site, otherwise, disposed of on

ground surface

Disposal of any bulked "wastes” will depend on analytical test results of sam-
ples taken to characterize the wastes One composite sample will be taken on a site-
bv-site basis  Testing will be done for EP toxiscity, hazardous characteristics Haz-
ardous Substance List (HSL) organics, and radioactive materials to determine accept-
ability at the Rocky Flats Plant waste treatment facilities If the material cannot be
accepted by the Rocky Flats Plant waste treatment and/or disposal facilities, 1t will
be disposed of at an appropriate offsite facility Solid wastes such as disposable
booties, Tyvek, contaminated paper, and Saran Wrap, will be considered hazardous for

disposal purposes, the subcontractor site manager will ensure that wastes are disposed

of 1n an approved manner
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7. SAMPLE ANALYSIS AND HANDLING

The testing program for samples collected during implementation of this Sam-
pling Plan will be summarized 1n 1ndividual SSMPs All water sampled (1¢, surface
water, effluents, so:l water, and groundwater) will be tested 1n the field for pH, spe-
cific conductance, and temperature The water, waste, and soil samples will be tested
for select organic, 1norganic, and radiological parameters using the analytical methods
detailed 1n the IGMP/CSPCP Quality Assurance/Quality Control Plan

7.1. SAMPLE CONTAINERS AND PRESERVATION

Sample containers and prescrvation are presented i1n Tables 71 and 72 Ana-
lytes will be 1dentified on a site-specific basis 1n the SSMPs Although inmitial sam-
pling should not include collection of other than low-hazard environmental samples,

guidance regarding high-, medium-, and low-hazard samples 1s provided

7.1.1 High-Hazar mpl

High-hazard samples collected for chemical analysis, those collected from
drums, tanks, or spills, where they have not been diluted by environmental conditions,
will be contained and preserved 1n accordance with EPA protocols listed 1n Table 71
These samples will be shipped directly to the laboratory for preparation of extracts
The analysis to be performed must be specified at the time the high-hazard sample
preparation 1s scheduled All high-hazard samples will be placed 1n 8-0z wide-mouth
glass jars, sealed 1n paint cans, and marked as hazardous ™o preservatives are re-

quired for high-hazard samples

Samples collected in locations where radioactive contamination could occur
will be screened 1o the field It is not anticipated that any samples will qualify as

radioactive under DOT regulations

7.1.2. Medium-Hazard Samples

Medium-hazard samples are those that have originated from drums or concen-
trated residues, but that have been diluted somewhat by environmental conditions

Medium-hazard samples will be contained, preserved and shipped as appropriate for
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testing 1n accordance with EPA protocols listed 1n Table 72 All medium-hazard
sample containers will be placed i1n paint cans and marked as hazardous In all other

respects, medium-hazard samples are treated 1n the same manner as low-hazard sam-

ples

71.3 Low-Hazard Samples

Low-hazard samples are environmental samples in which contaminants have
been significantly diluted by the environment Low-hazard sampies will be contained
and preserved as appropriate for testing in accordance with EPA protocols listed in

Table 72 If necessary, samples will be placed on 1ce immediately after collection to

maintain a temperature of 4°C

Most groundwater samples collected for soluble 1norganic metals analvsis will
be filtered in the field or at an onsite Iaboratory as soon as possible after collection
but prior to the addition of nitric acid preservative Filtering will be done with a
pressure filtration device and 045-micron filter Surface water samples and ground-

water samples collected for total metals analysis will not be filtered prior to acid

preservation

7 1.4 Radiological Samples

Radioactive contamination of soils and water 1s of concern at Rockv Flats
Plant Only low-level samples are anticipated, however, samples will be screened 1n
the field to confirm that expectation All soil samples to be analvzed for radionu-
chdes (e g, trinum, uranium, plutonmium, americium, and strontium) will be collected,
contained, and preserved according to protocols specified for merals and ¢vanide 1n
so1l and sediment (Table 72) All water samples to be analyzed for these parameters

will be collected, contained, and preserved identically to low-concentration minerals

1in water (Table 72)
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7.2. SAMPLE PACKAGING AND SHIPMENT

7.2.1.

High-Hazard Samples

In preparation for shipment to the analytical laboratories, all high-hazard

samples will be packaged 1n accordance with the following procedures

sent to
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Sample container caps will be tightened securely and sealed with
tape, liquid levels will be marked if bottles are parually full

Sample labels will be securely attached to the sample container, each
sample container will be placed 1o a zip-loc baggie (TM), ensuring
that labels can be read

All bagged sample containers will be placed 1n paint cans, and the
cans will be filled with vermiculite

The paint cans will be placed 1n a cooler lined with two inches of
vermiculite or equivalent absorbent packing material, each paint can
will be surrounded by packing material and all remaining space 1n
cooler will be filed with additional packing material

Chain-of-custody forms will be placed 1n a manila envelope, the en-
velope will be placed 1n a zip-loc baggie (TM) and taped to the i1nside
of the cooler hd

The cooler will be closed and sealed shut with strapping tape, if the
cooler has a drain port, 1t will be sealed shut with tape, custody seals
will be placed across the closure at the front of the cooler

The cooler will be marked with labels indicating hazardous sub-
stances

If shipped offsite, the shipper’s and coosignee's addresses will be
fixed to the top of the cooler, if the samples are liquid, "This End
Up" labels will be placed appropriately

The cooler will be shipped to a laboratorv

High-hazard samples will be shipped within twenty-four hours of collection 1f

ap offsite laboratory




72.2 Medium-Haz m

Medium-hazard samples will be packaged in the same manner as high-hazard
samples Organics samples will be shipped within twenty-four hours of collection if
sent to an offsite laboratory Inorganics samples will be shipped within forty-eight

hours if sent to an offsite laboratory

723 Low-Hazard Samples

In preparation for shipment to the analytical laboratories, all low-hazard sam-

ples will be packaged 1n accordance with the following procedures

- The sample will be checked for proper preservation, the sample con-
tainer cap will be tightened securely and sealed with tape, liquid
levels will be marked 1f bottles are partially full

- Sample labels will be securely attached to the sample container, each
sample container will be placed i1n a zip-loc baggie (TM), ensuring
that labels can be read

- The bagged sample containers will be placed 1n a cooler lined with
two inches of vermiculite or equivalent absorbent packing material,
cach sample will be surrounded by packing material and all remain-
1ing space 1n the cooler will be filled with additional packing mate-
nal

- Chain-of-custody forms will be placed 1n a manila envelope, the en-
velope will be placed 1n a zip-loc baggie (TM) and taped to the inside
of the cooler Iid

- The cooler will be closed and sealed shut with strapping tape, if the
cooler has a drain port, it will be sealed shut with tape, custodv seais
will be placed across the closure at the front of the cooler

- If shipped offsite, the shipper's and consignee’s address will be af-
fixed to the top of the cooler, if the samples are liquid "This End
Up" labels will be placed appropriatelv

Samples for organic analyses will be shipped within twenty-four hours of col-
lecuuon if sent to an offsite laboratory Samples for inorganic analyses will be

shipped within forty-eight hours of collection if sent to an offsite laboratory
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72 4. Radiological Samples

Environmental samples for radiological analysis should be low-hazard and if
shipped offsite will be shipped according to the procedures for low-hazard samples
Samples collected during soil sampling will be screened for radioactivity Should ra-
dioactivity levels exceed DOT criteria for classification as radioactive (specific activ-
1ty greater than 0002 microcuries per gram), they will be labeled and shipped accord-
ing to DOT regulations 1f sent offsite
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Table 7.1 Required Sample Containers z‘nd Preservation
for High-Hazard Samples

Testing Containers Preservation
nics in Water an 1gus n
All Organics One 8-0z wide-mouth None¢ required
Analysis glass jar with Teflon-
lined cap, filled 3/4
full
Inorgani n W n 1gul High n
All Inorganics One 8-0z wide-mouth None required
Analysis glass jar, filled 3/4
full
Fluonide One 500-mi polyethylene None required
bottle filled to shoulder
rgan 1n H
All Organics One 8-0z wide-mouth None required
Analysis glass jar with Teflon-
lined l1d, filled 3/4
full

Inorganics in Soil an diment (High ngentration

All Inorganics One 8-0z wide-mouth None required
Analysis glass jar, filled 3/4
full
Fluoride One 500-ml polyethylene None required
bottle filled to
shoulder

lAll high-hazard sample bottles must be shipped i1n paint cans as hazardous
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Table 72 Required Sample Containers and Prcservauonl
for Medium and Low Hazard Samples

Testing Containers Preserv
Organics 1n Water and Liguids (Medium Concentration)?
Extractables Four 32-0z wide-mouth None required
(acid, base/ glass jars with Teflon-
neutral, lined caps, filled to
pesticides/PCB) neck
Volatiles Two 40-m] VOA vials with None required

Teflon-lined caps, com-
pletely filled--no air

bubbles
Inorganics 1n Water and L m ncentr n3
Metals One 16-0z wide-mouth 11 HNO3 to
glass amber bottle, pH<2
filled to shoulder
Cyanide One 16-0z wide-mouth 6N NaOH to
glass amber bottle; pH>12
filled to shoulder
Total Suspended One 500-ml high density None required
Sohids, Total polyethylene bottle,
Dissolved Solids filled to shoulder
Minerals
Acidity One 500-mi high-density Cool 4°C
Alkalinity polyethylene bottie, Cool 4°C
Chlorine filled to shoulder Room temperature
Fluoride Room temperaure
Sulfate Cool 4°C
Nutrients
Ammonia One !-liter polyethylene Imlll HZSO4
COD bottle filled to shoulder to pH<2, cool
TKN 4°C
NO -NOZ
TO

Total Phosphorous
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Table 72 (Continued)

Testing —Contaipers ___Preservanon
Organics in an Medh n
Extractables One 8-0z, wide-mouth None Required
(acid, base/ glass jar with Teflon-
neutral, lined Iid, filled about
pesticides/PCB) 3/4 full
Volatiles Two 120-ml glass vials None Required

with Teflon-lined lid,
filled as completely as
possibie

Inorganics 1n n iment ium ntration

One 8-0z, wide-mouth

Metals and Cyanide
glass jar, filled about

3/4 full
Oreganics 1n Water and Ligus w n 10N
Extractables Two 1/2-gal glass
(acid, base/ amber bottles with
neutral, Teflon-lined caps, filled
pesticides/PCB) to neck
Volatiles Two 40-m]l YVOA vials with

Teflon-lined caps, com-
pletely filled--no air
bubbles

Inorganics 1n Water and Liguid (Low COnccntratlon)3

Metals One 1-liter high-density
polyethylene bottie,
filled to shoulder

Csyanide One 1-liter high-density
polyethylene bottle,
filled to shoulder

Total Suspended One 500-ml high-density
Solids, Total polyethylene bottle,
Dissolved Solids filled to shoulder

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Samphng Pian Section 7, page 8

None Required

Iced to 4°C

Iced 10 4°C

i1 H\IO3 to
pH<2

6N NaOH to
pH>12

None Required




Table 72 (Continued)

Testing Containers
Minerals
Acidity One 500-ml high-density
Alkalinity polyethylene bottle,
Chloride filled to shoulder
Fluoride
Sulfate
Nutrients
Ammonia One I-liter polyethylene
COD bottle filled to the
TKN shoulder
NO -NOz
TO

Total Phosphorous

w (on ration

rganics tn Soil an 1
Extractables One 8-0z, wide-mouth
(acid, base/ glass jar with Teflon-
neutral, lined lid, filled about
pesticides/PCB) 3/4 full
Volatiles One 8-0z glass vial

with Teflon-lined l1d,
fill as completely as
possibie

Inorganics 1n Soil and Sediment (L.ow Concentration)

One 8-0z, wide-mouth
glass jar, filled about
3/4 full

Metals and Cyanide

Preservation

Cool 4°C
Cool 4°C
Room temperature
Room temperature
Cool 4°C

Imlll H-_,SO4
to pH<2, cool
4°C

Iced to 4°C

Iced to 4°C

Iced to 4°C
(optional)

IAll medium-hazard sample bottles must be shipped 1o paint cans marked as

hazardous

2Watcr samples collected for duplicate analysis must be collected at double the volume
In addition, one volatile trip blank (distulied-

specified for organics and 1norganics

deronized water poured directly into two 40-ml vials) should be supplied per

shipment

3If sample preservative 1s required, pH will be monitored to assure proper adjustment

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987
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8 SAMPLE DOCUMENTATION AND TRACKING

81 FIELD RECORDS

Field observations and other pertinent information pertaining to sample coliec-
tion will be recorded 1n bound ficld notebooks using dblack ink Data will be recorded
on field data records contained 1in Appendix B of the Techmical Data Management
Plan and entered into the data base as described in the Technical Data Management

Plan

Notebooks shall be assigned to field personnel Each notebook will be idents-

fied by a Document Control Number The cover of the notebook will contain the

following information organization, book number, project name, start date, and end

date

8.2. CHAIN-OF-CUSTODY PROCEDURES

All samples will be collected and handied 1n accordance with the chain-of-cus-
tody procedures listed below

Samples will be kept 1n the possession or sight of at least one sam-
pling team member at all times, unless transferred to a secure, locked

area

A sample ID tag, including predesignated location ID and sample ID
will be affixed 1n the field

Prior to relinquishing samples for packaging and shipment, one
member of the sampling team will fill out a chain-of-custody record

(Figure 8 1) for all tecam members to sign

If samples are stored temporarily prior to shipment, they will be kept
cool and placed 1n a secured storage area Coolers will be secaled and

custody seals affixed just prior to shipment.

If custody 1s transferred to the Shipping and Receiving Department
at Rocky Flats Plant, the recipient will sign the chain-of-custody

form.

Shipping receipt for shipment by courier (above) should be retained
and kept with one copy of the chain-of-custody form

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan Section 8, page 1



83 PHOTOGRAPHS

. In addition to written records, photographs will be taken as needed to further
clarify sampling activities The film roll number and number of photographs taken

at each sampling location will be noted

ROCKY FLATS PLANT [IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan Section 8, page 2
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1.0 INTRODUCTION

This sampling plan has been designed to characterize any
chemical contamination of the soils at the West Spray Field
and to provide an adequate data base for evaluating closure
alternatives. The West Spray Field at the Rocky Flats Plant
was first 1denti1fied as a RCRA regulated unit in the fall of
1985 when the initial facility Part B application was 1n
preparation. At that time, 1t was determined that certain
waste streams being disposed at the West Spray Field were
RCRA hazardous wastes. Shortly thereafter, it was
determined that continued disposal of hazardous wastes at
the West Spray Field would cease. Hence, a closure plan for
interim status closure of the West Spray Field is required
pursuant to Part 265 of the Colorado State Hazardous Waste
Regulations (6 CCR) and Title 40, part 265 of the Code of

Federal Regulations (40 CFR).

A closure plan was submitted on November 28, 1986, for the
West Spray Field as part of the RCRA Post-Closure Care
Permit Application for the Rocky Flats Plant (Rockwell
International, 1986a). It was prepared i1n accordance with 6
CCR and 40 CFR 265. In February {987, a report on 1986

characterization activities and proposed soil sampling plan
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was submitted to CDH and EPA regarding the West Spray Field.
On January 5, 1988, a request for additional information was
sent to the Department of Energy from the Colorado
Department of Health. In partial fulfillment of that
request, and based on meetings held between CDH, EPA, DOE
and Rockwell International, additional soil samples will be
collected and analyzed for a comprehensive suite of
parameters 1n order to provide the basis for the West Spray

Field closure requirements.
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2.0 SITE BACKGROUND

2.1 Site History

The area was operated from April 1982 to October 1985.
During operation, excess liquids from solar evaporation
ponds 207B North and Center were pumped periodically to the
West Spray Field for spray application. Based on
interviews, direct application of the liquids occurred in
portions of the spray field which have been designated Areas
1, 2 and 3 for the purpose of this report (Figure 2-1).
Please see Section 1.1.3 of the Closure Plan for the
additional historical information and a description of the

spray application procedures.

The locations of the designated areas are supported by
examination of aerial photographs. The photographs indicate
some surface runoff occurred into the unnumbered areas
within the approximate location of the spray field's
exterior boundary. Limited quantities of windblown spray
probably also contributed to the pattern observed on the

aerial photographs.
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2.2 Source Characterization

Liguids applied in the West Spray Field were derived from
solar evaporation ponds 207B North and Center.
Approximately 67,000,000 gallons of wastewater were applied
at the West Spray Field. Of this quantity approximately
10,000,000 gallons was taken from 207B North, and 57,000,000

gallons was taken from 207B Center.

The contents in Pond 207B North generally consist of liquid
collected in the trench and french drain system located in
the hillside north of the solar evaporation ponds. The
interceptor system collected ground water and has
historically controlled seepage from the solar ponds from
entering North Walnut Creek. The liguid 1s pumped to Pond

207B North from the low point of the interceptor system, the

interceptor trench pump house.
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The liquid contained in Pcid 207B Center generally consists
of effluent from the R-:>:y Flats sanitary sewage treatment
plant. However, some ceepage collected i1n the interceptor

trench system has a..o been placed in Pond 207B Center.

Sampling of the ligquids from 207B North, 207B South, the
interceptor trench pump house (ITPH) and the sewage
treatment p_ant has taken place periodically from 1984 to
1988. The analytical data from the different samplaing
events 1s located in Table 1-4 1in Section 1.2.10 of the West

Spray Field Closure Plan.

The waste characterization summary (Section 1.2.10 of the
West Spray Field Closure Plan) concludes that nitrate and
uranium are the only constituents of the applied solar pond
waters that were consistently and significantly elevated
relative to the yroposed ground-water concentration limaits.
Therefore, these .onstituents should be the best indicators
of the so1l (o round water) contamination that may have

resulted from ip Lication of water at the west spray field.
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3.0 SOIL CHARACTERIZATION

3.1 Soil Types

Based on test pit logs from the 1988 sampling, the uppermost
so1l horizon at the West Spray Field ranges from 1.1 feet
(WSF03, WSF06, WSF08, WSF09) to 1.35 feet (WSF04) 1n
thickness. Plate 5-3 1n Appendix 4 of the West Spray Field
Closure Plan presents a fence diagram 1llustrating the soil
zones within the test pits at the West Spray Field. Thais
surface and upper part of the alluvial subsoil 1s described
as dusky brown (5 YR 2/2) (Geological Society of America -
Rock Color Chart, 1984) gravelly, cobbly, sandy clay or loam
that 1s moist to wet. The zone 1s typically poorly to
moderately sorted with subrounded and subangular fine-graded
to coarse-graded (Grain Size Scale - American Geological
Institute, 1982) gravels with occasional small cobbles.
Sand 1s very fine-grained to trace medium-grained. Roots
extend to about 0.9 feet. The contact into the next subsoil

1s wavy and sharp.

The next alluvial subsoil zone extends from 1.1 feet (WSFO03,
WSF06, WSF08, WSF09) to 3.5 feet 1in depth below ground

surface (WSF01l, WSF06, WSF07) (Plate 5-3, Appendix 4, West

3-1
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Spray Field Closure Plan). This subsoil 1s a moderate brown
(5 YR 4/4) gravelly, sandy clay to sandy clay and gravel
with small zones of intense red and brown staining
indicative of weathering. Sand 1s generally moderately
sorted, subangular to subrounded, medium-grained to coarse-
grained with occasional fine-grained pockets. Gravels are
described as subrounded, fine-graded to very coarse-graded
pebbles and small to large cobbles with occasional small
boulders. The gravels and sands are indicative of a short
transport distance. Clay occurs in the matrix but mostly in
pockets associated with the gravel. The zone is generally
moist to saturated. Some organic sol1ll stringers from
subsoil above were noted in WSF02, WSF03, WSF04, WSF05, and
WSF06. The contact into the next subsoil 1s i1rregular and
gradational and occurs from 3.0 feet to 3.5 feet 1in depth

(Plate 5-3, Appendix 4, West Spray Field Closure Plan).

The lower zone extends from 2.5 feet (WSF03) to 5.2 feet
(WSFO01l) 1in depth. This zone consists of sandy clay or
clayey sand and gravel or gravelly sandy clay. Colors range
from light brown (5 YR 5/6) to moderate yellowish brown (10
YR 5/4) with zones red, brown orange or yellow staining.
The sand is typically medium-grained subangular to

subrounded, moderately sorted, with some fine-grained and

3-2
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coarse-grained sands. Gravels are subrounded, moderately to
poorly sorted, fine-grained pebbles to large cobbles with
occasional small boulders. Clay zones of olive gray are
commonly associated with the gravel and cobbles. The zone
of clive gray are commonly assoclated with the gravel and
cobbles. The zone 1s generally moist with occasional
saturated zones. Caliche stringers were encountered at 4.4

feet 1in WSF06 just above a saturated zone.

3.2 Soil Testing performed to Date

Preliminary soi1l testing to evaluate whether the soils in
the West Spray Field are contaminated and, 1f so, the level
and extent of soi1l contamination has been conducted. Soil
samples were collected during 1986 and 1988 to characterize

the soi1l chemistry in the West Spray Field.

IN 1986, field i1nvestigations included soil samples to a
depth of one foot from a plot 1in the West Spray Field
(Figure 2-1 and Appendix 4, West Spray Field Closure Plan).
In 1988, the sampling program consisted of diggaing 12 test
pits (WSF01l to WSF12, Figure 2-1) with a backhoe and

collecting three so1l samples for chemical analyses from
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each location at varying depths (Appendix 4, West Spray

Field Closure Plan).

The prelaiminary conclusions tentatively 1indicate that
nitrate and volatile organic compounds are above estimated
background concentrations i1n the West Spray Field soils.
Levels of uranium, plutonium, and other radionuclides were
found at levels typical of known or assumed background
levels for the area. However, background soil and ground
water at the Rocky Flats Plant in general, as well as the
West Spray Field i1n particular, require additional
characterization before the above statement can be
adequately supported. A conmprehensive plan for background
characterization 1s under preparation. This plan will be
implemented upon approval by CDH/EPA, and will yield data to
conclusively determine whether or not the West Spray Field
so1ls are contaminated. This plan will be submitted to

CDH/EPA during calendar year 1988.

The soil sampling conducted to date in the West Spray Field
provides a general 1dea of the types and levels of
contamination which may be present in the West Spray Field
solls. However, the information collected to date 1s not

definitive enough to reach final conclusions because the

3-4
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background so1l samples obtained i1n 1986 vere taken to a

maximum depth of one foot.

In addition, the 1986 sampling plot was not 1n an area of
direct spray application. At the time of sampling, it was
believed this area received application from the spray
impulse canon 1n the West Spray Field. Additional
information subsequent to sampling and testing indicated the
sample area was only affected by surface runoff, and perhaps

windblown spray from application in Area 1.
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4.0 INDICATOR PARAMETERS

Soi1l samples w1ill be obtained and tested in the laboratory
for the following potential contaminants:

o} Organics
HSIL-Volatiles (Table 4-1)
Total Organic Carbon

o Radionuclides
Plutonium 239
Americium 241
Uranium 233
Uranium 234
Uranium 238
Strontium 90
Tritium

o Other
Nitrates
Mercury
Lead
Percent Solads
Volatile Solids

Geochemical properties obtained from this additional testing
w1ll be used to complete the characterization of the West

Spray Field.
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1988

CONTRACT LAB PROGRAMS (CLP)
VOLATILE ORGANIC COMPOUND
HAZARDOUS SUBSTANCE LIST (HSL)

Chloromethane
Bromomethane
Vinyl Chloraide
Chloroethane
Methylene Chloride
Acetone
Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
Trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
Total

1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
Trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
Cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether
Bromoform
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene

Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Xylenes

4-2
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5.0 SAMPLING METHODOLOGY

5.1 Location and Number of Sampling Points

The intent of the additional soi1il testing 1s to identify
areas affected by liquid waste application and identify the
affects of waste application on the soils. Within the West

Spray Field, four areas have been 1i1dentified for soil
sampling. These areas are:

o direct application Area 1:

o direct application Area 2;

o direct application Area 3; and

o the areas which may have been subjected to runoff

and overspray.

Twenty-four soi1l samples will be obtained i1n each of the
four application areas from different sampling locations for
geochemical analysis (Figure 2-1). The samples will be
distributed in the vertical by obtaining a sample in each of
the three major soi1l horizons described by the Soil
Conservation Service (Section 3.1) and identified during
field work. Samples will be obtained from each horizon to
determine if the varying soil characteristics have accounted
for different 1interactions with contaminants present in the

applied waste. The exact test pit locations are

5-1
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presented in Figure 2-1. The sample locations have been
biased toward those areas of visual contamination as
observed i1n the aerial photographs (dated 1983 to 1986) 1n
order to portray the extent of so1il contamination. The
sample locations portrayed on Figure 2-1 are elither within
the spray radius of the i1rrigation lines or are located in
the gulleys/ditches observed 1n the aerial photographs.
These samples, along with 1986 and 1988 sampling, will
define levels of any contaminants 1n the West Spray Field.
When combined with the 1988 samples, there will be a minimum
of eight test pits 1n each of the three application areas in

order to provide a statistical comparison of the data.

The sample locations should: 1) verify and characterize
contaminant sources, 2) determine the present areal and
vertical extent of soil contamination, and 3) support
1dentification and technology assessments of alternative
response actions for closure, including the "No Action"
alternative. This soil sampling plan 1s designed to provide
data on the level of soil contamination in the West Spray
Field 1n order to evaluate the closure alternatives based on

the closure performance standard.
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5.2 Sample Collection Methods

This sol1l sampling plan follows the same soi1il sampling
techniques utilized during the aforementioned 1988 sampling
of the West Spray Field. These sampling technigques are

described 1in the following sections.

Equipment Decontamination

All non-dedicated sampling equipment will be decontaminated
prior to obtaining each sample. Decontamination procedures
are outlined 1n Section 5.4. The effectiveness of the
decontamination procedure will be evaluated by the analysais
of field or rinsate blanks collected during sampling, as

discussed 1in Section 10.1.

Field Analyses

For health and safety purposes (Section 9.0), one person on
site will be designated the health and safety officer. That
person will be in charge of monitoraing the breathing zone in
the pit with a photoionization detector prior to entry of
sampling personnel. Section 9.0 designates the levels of
protection required should readings above background be

detected.
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In addition, a direct radiation survey of the samples and
the test pit walls will be conducted using a beta gamma
detector. Areas delineated as above background in radiation
levels 1n the pits will have so01l sampling conducted as
necessary to determine contaminate concentrations for

evaluation of the closure plan alternatives.

All procedures for health and safety will conform to those
specified 1n the U.S. Department of Energy Comprehensive
Environmental Assessment and Response Program (CEARP) Phase
2: Installation Generic Monitoring Plan (IGMP) Health and
Safety Plan. The IGMP Health and Safety Plan 1s presented

in Appendix 5 of the West Spray Field Closure Plan.

Sample Collection

Test pits will be dug by a backhoe to approximate depths of
five feet. Grab samples will be collected from each of the
three exposed soil horizons (Section 3.0). Approximately
four to six inches of soil will be scraped off the pit wall
prior to obtaining a sample 1n order to ensure that the
sample has not been contaminated by the backhoe by soil
falling down from above or from smearing of soil along the
face of the pait. The sample will be obtained using a

decontaminated scoop or a trowel.

5-4
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Sample Containers

Samples wi1ll be transferred directly from the sampling
equipment to the sample containers. The sample contalners
w1ll be precleaned according to EPA approved procedures.
The type of sample container will be determined based on the
analyses to be performed. The specific types of sample

containers to be used are discussed 1n Section 6.0.

Sample Numbering System

Each sample collected for chemical analysis, 1including
duplicates, field blanks and trip blanks will be 1identified
by a unique sample identification number. Samples are
identified by location prefix (West Spray Field-WSF),

location identification (i.e., test pit number) and sample

depth.

These data identifiers will be assigned prior to field
activities. Field personnel will carry a 1list of

designations, keyed to a map, into the field with them.

Addaitional locations may be assigned while field teams are
on site, if warranted. If additional locations are assigned

during field activities, they will be documented by the

field team.
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Field Quality Assurance/Quality Control

The field quality assurance/guality control program will
follow procedures to be outlined in the January 1989 Quality
Assurance/Quality Control Plan. It will 1include two basaic
areas: documentation of field activities (1i.e.,
decontamination procedures, sampling technigques, unusual
occurrences, preservation of samples and order in which
samples were collected), and the routine collection and
analysis of trip blanks and field (equipment) blanks. 1In

addition:

o For all samples, the sample extraction i1mplement will
either be dedicated to the sample then disposed of, or
thoroughly decontaminated prior to use on another
sample.

o All sampling personnel wi1ill be required to avoid
actions potentially causing cross contamination of
sampling media (ex. dispose of boot covers or
decontaminate boots between test pits).

o Sample extraction equipment will not be placed upon the
ground or other potentially contaminated surfaces prior
to use.

o On-site sample management will be meticulous in order

to preserve the quality of the data.

5.3 Sampling

The following list of equipment 1s anticipated for the

activities outlined in this sampling plan.
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Survey Instruments

Hnu

Geiger-Mueller Ludlum Model 31 for measuring beta gamma
radiation

35 mm camera/film

Protective Equipment

Tyvek suits

Box of 1inner gloves

Box of nitrile outer gloves

Ultra twin/canister mask

Organic vapor/dust cartridges or canisters
Rells of duct tape

100-foot measuring tape

Boot covers

Sample Packaging Materials

8 ounce glass jars

40 ml VOA vials

1 liter cubitainers
500 ml bottles

4 ounce bottles

Bags vermiculite
Plastic bags

Rolls fiber tape
Boxes of garbage bags
Sets of cooler labels
Bags of 1ice

Coolers

Decontamination Equipment

Wash tubs

Orchard Sprayers

Box of "Alconox"
Pesticide grade hexane
Box of sanitizer (mask)
Laboratory rinse bottles
Waste solvent container
Assorted brushes
Distilled water
Deionized water

Paper towels

Garbage bags
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Tap water
Polyethylene sheeting
Steam cleaner

Sampling Equipment

Watch

Backhoe

Nalgene disposable filters
Plastic or metal scoops
Shovel

Aluminum trays

Stalinless steel buckets
Disposable nylon rope
Stakes and flagging

Documentation Materaials

Site logbook
Chain-of-custody sheets
Preprinted sample jar labels
Preprinted field sheets
Receipt-for-samples form
Waterproof pens

Grease pencil

5.4 Field Decontamination

To reduce the potential for cross contamination occurring,
the backhoe and all other pertinent sampling equipment
should be decontaminated using a steam cleaner. The backhoe
should be steam cleaned between test pit locations while all
other sampling egquipment will be decontaminated between
sample locations unless they are disposable. However, due
to the nature of the sampling activities, backhoe

decontamination 1s not absolutely necessary between pit

5-8
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locations. In all cases, the backhoe wi1ll be used to remove
soil to within a half foot of the proposed sample location
and then a decontaminated shovel will be used to remove the

remalining half foot. All sampling equipment shall be

decontaminated upon arrival on site.
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6.0 SAMPLE CONTAINERS, PRESERVATION AND HOLD TIMES

A comprehensive Quality Assurance/Quality Control Plan 1is
being prepared by Rockwell International to address all
sampling activities at the hazardous waste management units.
The QA/QC document wi1ill 1nclude protocols for sample

contalners, sample preservation, and holding taimes.
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7.0 SAMPLE CONTROL AND DOCUMENTATION

A comprehensive Quality Assurance/Quality Control Plan is
being prepared by Rockwell International to address all
sampling activities at the hazardous waste management units.
The QA/QC document will be completed 1n January 1989. The
plan will 1nclude methods for sample control and

documentation.

All aspects of the sampling effort will be documented 1n
various forms by sampling personnel. Documentation 1s
required to assist laboratory personnel 1in identifying
samples, aid 1in data collection and reporting, and to
provide evidence on the validity of information gathered.
One member of the sampling team will be assigned as the
document coordinator and will be responsible for recording

all information during sampling.
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7.1 Logbook

All information pertinent to field activaities will be
recorded 1n bound, sequentially page numbered logbooks and
will be written in with waterproof ink. The cover of the
notebook wi1ill contain the following information:
organization, address, book number, project name, start date
and end date. The following information will be recorded

prior to sampling and at each sampling location:

o Date and time of entry

o Brief objective of sampling

o Calibration information of field instrumentation
o) Names of sampling personnel

o Sample location and proposed sampling methodology
o Results of field measurement (Hnu, beta gamma)

o Number and types of samples collected

o Date and time of sample collection

o Sequential sample ID number

o Field observations (weather, etc.)

o Signature of recorder at the end of the day
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7.2 Chain-of-Custody Procedures

All samples will be collected and handled i1n accordance with

the chain-of-custody procedures listed below:

o

Samples w1ll be kept 1n the possession or sight of
at least one sampling team member at all times,
unless transferred to a secure, locked area.

A sample ID tag, including predesignated location
ID and sample ID will be affixed 1in the field.

Prior to relinquishing samples for packaging and
shipment, one member of the sampling team will
f111l out a chain-of-custody record for all team
members to sign.

If samples are stored temporarily prior to
shipment, they will be kept cool and placed in a
secured storage area. Coolers wi1ll be sealed and
custody seals affixed just prior to shipment.

If custody 1s transferred to the Shipping and
Receiving Department at Rocky Flats Plant, the
recipient will sign the chain-of-custody form.

Shipping receipt for shipment by courier will be
retained and kept with one copy of the chain-of-
custody form.

A photocopy of the signed Custody Record will be retained by

the coordinator. The original chain-of-custody record waill

accompany the shipment to the laboratory.
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7.3 Laboratory Custody Procedures

Upon arrival of the samples at the laboratory, laboratory
personnel will sign and date receipt of the samples on the
chain-of-custody record. Laboratory personnel will then be
responsible for maintaining custody until time of analysas.
The laboratory must be able to provide a locked and secured

area.
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8.0 SAMPLE HANDLING, TRANSPORT, AND STORAGE

Procedures for sample handling, transport and storage will
conform to those specified 1in the U.S. Department of Energy
Comprehensive Environmental Assessment and Response Program
(CEARP) Phase 2: Installation Generic Monitoring Plan
(IGMP) and Quality Assurance/Quality Control Procedures for
So1l Characterization in Appendices 1 and 3, respectively 1in

the closure plan.

A sample packaging/staging area location will be determined
on a daily basis based upon proposed sample locations,

visibility, safety and the facility's cooperation.

To minimize cross contamination between samples and to
protect sampling and laboratory personnel from potential
exposure to possible hazardous or radioactive contaminants,
all samples will be decontaminated prior to packaging. At
the sample staging location, sample containers and equipment
will be washed on the exterior with a detergent, rinsed with
tap water, and dried with paper towels. Decontamination
solutions and rinse waters will be containerized and

stored. After the sample analysis data are received and
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evaluated, appropriate disposal of these liquids will be

determined.

Individual sample containers will be numbered sequentially
using a white or colored grease pen to 1dentify the sample
number before sampling. Grease pens will be used to prevent
loss of sample numbers during sampling. Often times,
i1dentifying marks on pre-labeled containers are lost during
sample immersion 1n agqueous wastes or during
decontamination. After samples have been decontaminated and
dried, permanent gum labels or sample tags will be affixed
to the sample containers. Permanent labels or tags will

include the following information at a minimum:

o Exact location of the sample

o Time and date of sample collection

o Name of sampler and witnesses

o Sample sequential i1dentification number

(corresponding to that listed on the chain-of-
custody record)

o Type of sample (grab or composite)

o Analyses requested

o Preservation methods (nitric acid, NaOH, CusO,,
etc.)

o Destination (Lab name)

o Other pertinent information
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All samples wi1ill be labeled, transported and/or stored
according to standard U.S. EPA Region VIII procedures and

Department of Transportation regulations as required in 49

CFR.
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9.0 HEALTH AND SAFETY PLAN

Procedures for health and safety will conform to those
specified 1n the U.S. Department of Energy Comprehensive
Environmental Assessment and Response Program (CEARP) Phase
2: Installation Generic Monitoring Plan (IGMP) Health and
Safety Plan. The IGMP Health and Safety Plan 1s presented
in Appendix 5 of the West Spray Field closure plan. A
spec1fic health and safety plan will be prepared at least
two months before sampling began and will be submitted to
the Colorado Health Department for review. The Health and
Safety Plan w1ll also conform to the Rocky Flats Operational
Safety Analysis (RFOSA) procedures, OSHA regulations, DOE

orders and Rocky Flats Plant polaicies.

All field personnel will thoroughly review the site safety
plan, understand the safety considerations and establish
emergency procedures prior to site entry. All personnel
must be subject to an active medical surveillance program

and be authorized for use of respiratory protection.

Determination of appropriate level of protection should be
made by surveillance with an Hnu photoionization detector.

Levels of protection criteria are summarized below:
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Level D <5 ppm above off-site ambient and
nuisance odors
Level C 5 ppm above off-site ambient
Level B 5 ppm to 20 ppm

Leave S1ite >20 ppm

All measurements are to be 1in the breathing zone. All field
personnel will have an air purifier respirator and dust

cartridges on site as a precautionary measure.

The i1mmediate hazard 1s skin contact with waste materials.
Tyveks and boot covers should be worn for general body
protection. Gloves (nitrile or better) should be worn
during sample collection and handling. Standard minimum
protective gear of steel-toed boots, hard hat, and safety
glasses are required around the backhoe. Two-way radios

will be on site for emergency use.

No eating, drinking, smoking or other hand-to-mouth
activities will be allowed on site except 1in facility

designated areas and after proper decontamination.

These standards are to be considered minimum; all of
Rockwell International's guidelines will be adhered to and

w1ll supersede Chen's standards if they are more stringent.
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10.0 QUALITY ASSURANCE/QUALITY CONTROL

A comprehensive Quality Assurance/Quality Control Plan 1s
being prepared by Rockwell International to address all
sampling activities at the hazardous waste management units.
The QA/QC document wi1ill be completed 1n January 1989. A
number of quality control samples will be collected to
ensure that all data produced are valid, defensible, and
allow good comparison of the data. The plan will include

the protocol for quality assurance and quality control to be

followed by this sampling plan.
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11.0 SCHEDULE

The schedule for i1mplementing this sampling plan 1s
presented 1n Section 1.6.3 of the West Spray Field closure
plan. The sampling w1lll be documented following completion

of the January 1989 Quality Assurance/Quality Control Plan.

If required, because of changes 1n the closure plan, a
revised so1l sampling plan will be developed and submitted
to CDH for their approval within 90 days after determining
changes to the sampling plan are required. The revised soil

sampling plan will be part of the revised closure plan.
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INTRODUCTION

Qualsty assurance/quality control (QA/QC) for CEARP Phase 2b site charac-
terizations (remedial investigations) at Rocky Flats Plant will be conducted following
the procedures outlined i1n the CGMP and IGMP/CSPCP Quality Assurance/Qualitv

Control Plans. Additional site-specific requirements have not been 1dentified

The Quality Assurance/Quality Control Plan from the IGMP/CSPCP Monitor-
ing Plan 1s included here as Appendix A

ROCKY FLATS PLANT SSMP/RIFS Draft February 1987 (Revision 1) QA/QC Plan page 1
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QUALITY ASSURANCE/QUALITY CONTROL PLAN

I. INTRODUCTION

CEARP Phase 2 consists of CEARP Phase 2a, Monitoring Plan, and CEARP
Phase 2b, Site Characterization (Remedial Investigation) This Quality Assurance
Quality Control (QA/QC) Plan 1s one component of the Monitoring Plan for Rock:
Flats Plant The Monitoring Plan typically consists of five parts Synopsts, Sampling
Plan, Technical Data Management Plan, Health and Safety Plan, and Quality Assur-
ance/Quality Control Plan Because of the Compliance Agreement made by the Statc
of Colorado, Eavironmental Protection Agency, and the DOE, this Monitoring Plan
also includes a Feasibility Study Plan The Synopsis provides a discussion of the

current situation and serves as an introduction to the other plans

CEARP uses 2 three-tiered approach 1n preparing the monitoring plans the
CEARP Generic Monitoring Plan (CGMP) (DOE, 1986b), the Installation Generic
Monitoring Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs) The CGMP
Quality Assurance/Quality Control (QA/QC) Plan provides the generic guidelines and
procedures that will be employed during CEARP Phase 2 site characterization
(remedial investigation) to easure the reliability of data collected at CEARP sates [t
1s 1ntended to establish a general quality assurance/quality control policy and to pro-
vide the framework for more specific quality assurance/quality control requirements
to be employed at each installation and at each site This IGMP Quality Assur-
ance/Quality Control Plan provides installation generic information and procedures

whereas the SSMPs will provide site-specific detail regarding locations, tvpes and

number of samples

This IGMP 1s the Comprehensive Source and Plume Characterization Plan re-

quired by the Compliance Agreement Therefore, the acronym used to refer to this
plan 1s IGMP/CSPCP

According to DOE policy, DOE activities shall maintain programs of quality
assurance (DOE Order 5700 6B) In the area of environmental protection, quality as-
surance plans must be integrated with the DOE implementation of CERCLA (DOE

Order 5480 14)

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC Plan Section 1 page |




CEARP Phase 2b site characterizations (remedial investigations) will be i1m-
plemented using procedures to assure that the precision, accuracy, completeness, and
representativeness of data are known and documented At a minimum, this will in-
clude adherence to the CEARP CGMP, IGMP/CSPCP, and SSMP Quality Assur-
ance/Quality Control Plans, and may include preparation of written Quality Assur-

ance/Quality Control Plans covering cach aspect of the project performed

This IGMP/CSPCP Quality Assurance/Quality Control Plan presents the orga-
nization, objectives, functional activities, and specific quality assurance and quality
control activities associated with the CEARP Phase 2b site characterizations (remedial
investigations) at Rocky Flats Plant. The Quality Assurance/Quality Control Plan s
designed to achieve specific data quality goals for CEARP Phase 2b site characteriza-
tions (remedial i1nvestigations) Appendix A includes the quality assurance protocols
for all laboratory services to be provided under CEARP Phase 2b site characteriza-

tions (remedial 1nvestigations)

A brief description of the CEARP Phase 2b site characterization (remedial 1n-
vestigation) and background can be found in the Synopsis. For a more in-depth back-
ground description, see the CEARP Phase | report

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Ravision1) QA/QC Plan Section 1, page 2




2. PROJECT ORGANIZATION AND RESPONSIBILITY

Project organization and respoasibility are divided among DOE, Los Alamos
National Laboratory, and Rockwell International as described below Los Alamos Na-
tional Laboratory has the primary responsibility to implement CEARP under the
guidance of DOE-Albuquerque Operations Office However, operational responsibil:-
ties have been assigned to Rockwell International at Rocky Flats Plant for the site
characterizations (remedial investigations) The DOE-Rocky Flats Plant Area Office
1s responsible for the fuaction of the Rocky Flats Plant Because of this responsibii-
ity, the DOE-Rocky Flats Plant Area Office will provide additional guidance to its
contractor, Rockwell International, in implementation of the CEARP Phase 2b site

characterizations (remedial investigations)

Project organization 1s shown in Figure 21 The responsibilities of the various

personnel can be divided into operational, laboratory, and quality assurance responsi-

bilities, as follows

2.1 OPERATIONAL RESPONSIBILITIES

Assistant Secretary for the Egviropment The DOE Assistant Secretary for the

Environment appoints Headquarters investigation boards and establishes the scope of
Headquarters investigations (DOE Order 5484 1) DOE-wide Environmental Surveys

and Audits originate from the Assistant Secretary

Environ 1 v Audh Headquarters Environmental Survey
Teams have been directed to conduct >ne-time environmental surveys and sampling of
DOE faciliies These surveys are independent of CEARP activities at Rocky Flats
Plant, but data from survey team sampling will be utilized 1n the CEARP character:-
zation of Rocky Flats Plant A Headquarters environmental survey team visited the
Rocky Flats Plant site 1n 1986 The results of the survey will be used as an internal

management tool by the Secretary and Undersecretary of DOE

Audits are a function of the Office of the Assistant Secretary for the Envi-
ronment Audit teams provide quality control for the implementation of environmen-
tal monitoring at DOE facilities Although independent of CEARP, audit teams com-

plement CEARP activities by providing additional quality assurance

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revusion 1) QA/QC Plan Section 2 page 1




DOE-Al r nv The

DOE-Albuquerque Operations Office, Environmental Programs Branch, s responsible
for overseeing all environmental programs within DOE-Albuquerque Operations and

conducting special assessments such as CEARP

DOE-Rocky Flats Area Office The DOE Rocky Flats Area Office 1s responsi-

ble for the missions of the Rocky Flats Plant, including environmental protection

The DOE Rocky Flats Area Office oversees the integration of Rocky Flats Plant re-
sources with CEARP activities at Rocky Flats Plant

Rockwell Interpational Rockwell International, as prime contractor to DOE,

provides support to DOE 1n accomplishing the mission of Rocky Flats Plant, including
environmental protection Rockwell International will perform the CEARP Phase 2b

site characterizations (remedial investigations) at Rocky Flats Plant

Los Alamos National Laboratory Los Alamos National Laboratory manages

the CEARP program, providing direction, oversight and review, and preparing final

reports

2.2. ANALYTICAL LABORATORY RESPONSIBILITIES

Analytical laboratory responsibilities include performing analytical services,
and providing quality assurance Rockwell Interpational will perform the CEARP
Phase 2b site characterizations (remedial inv stigations) at Rocky Flats Plant This
IGMP/CSPCP provides guidance for quality assurance programs to be implemented by

- field laboratory operations

- analytical laboratories

- geotechnical laboratories
- radiological laboratories

2.3. QA RESPONSIBILITY

Quality assurance respoansibilities are to monitor and review the procedures
used to perform all aspects of site characterizations (remedial 1nvestigations), inciud-
-ing data collection, analytical services, data analysis, and report preparations Pri-
mary responsibility for project quality rests with the Rockwell International CEARP
Manager Ultimate responsibility for project quality rests with DOE

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC Plan Section 2, page 2
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Figure 21 Quality Assurance/Quality Control Organization Chart
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3 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall quality assurance objective 1s to develop and implement procedures
for field sampling, field testing, chain of custody, laboratory analysis, and reporting
that will assure quality as specified 1n DOE orders governing quality assurance and
environmental protection Specific procedures to be used for sampling, chain-of -cus-
tody, audits, preventive maintenance, and corrective actions are described in other
sections of this IGMP Quality Assurance/Quality Control Plan The purpose of this
section 1s to define quality assurance goals for accuracy, precision and sensitivity of
analysis, and completeness, representativencss, and comparability of measurement data
from all analytical laboratories Quality assurance objectives for field measurements

are also discussed

For some field activities, samples will not be collected, but measurements will
be taken where quality assurance concerns are appropriate (e g, f1eld measurements of
pH, temperature, and elevations) The primary quality assurance objective 1n activi-
ties where samples are not collected 1s to obtain reproducible measurements to a de-
gree of accuracy consistent with their intended use and to document measurement

procedures

3.1 REGULATORY AND LEGAL REQUIREMENTS

Data used to evaluate compliance with the National Interim Primary Drinking
Water Standards, State of Colorado water-quality standards, or water-quality criteria

for agricultural or industrial use will have method detection himits as specified bv the

analytical method used, as appropriate

32 LEVEL OF QUALITY ASSURANCE EFFORT

Field duplicates, field blanks, and trip blanks will be taken and submitted to
the analytical laboratories to provide a means to assess data quality resulting from
field sampling Duplicate samples will be analyzed to check for sampling repro-
ducibility Field and trip blanks will be analyzed to check for procedural contamina-
tion and/or ambient site conditions that are causing sample contamination Trip

blanks will be analyzed to check for contamination during packaging and shipment
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Bzcause volatile organic compounds are a class of contaminants most likely to be in-
troduced to the sample by the sample container, there will be one trip blank per batch
of samples designated for volatile organic compound analysis (shipping container)
There will be one duplicate and one field blank for every 10 investigative samples
collected For laboratory organic analysis, matrix spikes and matrix spike duplicates
w1ll be used The general level of quality assurance effort for organic anaiysis will
te one matrix spike and one matrix spike duplicate prepared for every 20 samples of
similar concentration and/or similar sample matrix, whichever 1s greater In addition
to field check samples, water samples of known conceatration traceable to either EPA
or NBS standards will be prepared for inorganic and radiological analyses. The gen-
eral level of quality assurance effort for inorganic analyses will be one duplicate
known sample and one duplicate field sample for every 10 investigative samples to

check analytical reproducibility

So1l samples selected for geotechnical testing will 1nciude one field duplicate

for ecach 20 analyses being performed, 1f possible, but will not include blanks

The groundwater, surface water, and soi1l samples collected at Rocky Flats
Plant during CEARP Phase 2 will be analyzed using the analytical methods specified
in Tables 31, 32, 33, and 34 The level of laboratory quality assurance ¢ffort will
correspond to the procedures outlined 1n Appendix A.

3.3 ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES

The fundamental quality assurance objective with respect to accuracy, pre-
c.s10n, and sensitivity of laboratory anmalytical data 1s to achieve the quality control
acceptance criteria of the analytical protocols Sensitivities required for analyses of
rzdionuclides, organics, metals, and other i1norganic compounds, 1n both aqueous and
sc.1d matrices will be the detection limits shown in Tables 31, 32, 33, 34, 35, and
36 Achieving these detection limits depends on the sample matrix Highly contami-

-

nated samples requiring dilution will have detection limits higher than those detected

The accuracy of field laboratory measurements of grouadwater and surface
water pH will be assessed through pre-measurement calibrations and post-measurement
verifications using at least two standard buffer solutions The two measurements

must each be within +0 05 standard units of buffer solution values Precision will be
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assessed through replicate measurements of every tenth sample The standard dec-
viation of four replicate measurements must be less than or equal to 0! standard
units (The electrode will be withdrawn, deionized-rinsed and re-immersed between
each replicate The calibration and verification will be done before the first repli-
cate and after the last replicate) The instrumeant used will be capable of providing

measurements to 0 01 standard unats

The geotechnical and field data will be considered accurate if the quality as-
surance criteria with respect to equipment, solutions, and calculations are met, and 1f

adherence to appropriate methods can be documented during a systems audit

3.4 COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY

The laboratories will provide data meeting quality control acceptance criteria
as described in Appendix A Laboratories will provide completely valid data
(IGMP/CSPCP QA/QC Plan, Section 8), the reasons for any variances from 100 per-

cent completeness will be documented 1n writing.

35 FIELD MEASUREMENTS

Measurement data will be generated 1n many field activities. These activities

may include, but are not limited to, the following

- using geophysical surveys

documenting time and weather conditions
- locating and determ:ining the elevation of sampling stations
- measuring pH, conductivity, and temperature of water samples

- qualitative organic vapor screening of solid samples using a pho-
toionization detector (PID) or an organic vapor analyzer (OVA)

- measuring water levels 1n a borchole or well

- standard penetration testing

- calculating pumping rates

- verifying well-development and presampling purge volumes

- performing hydraulic conductivity tests
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The general quality assurance objective for such measurement data 1s to obtain
reproducible and comparable measurements to a degree of accuracy consistent with
the intended use of the data through the documented use of standardized procedures
Procedures for performing these activities and standardized formats for documenting
them are presented 1n the CGMP and IGMP/CSPCP Sampling Plans. These procedures
may be incorporated by reference (EPA methods) or included as appendices Stan-
dardized formats for documenting data collection arc included 1a the Technical Data

Management Plan
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ATTACHMENT |

Method References

US Eavironmental Protection Agency, 1979, Radiochemical Analytical Procedures
for Analysis of Environmental Samples, Report No EMSL-LY-0539-1, Las Vegas.
NV, US Eavironmental Protection Agency

American Public Health Association, American Water Works Association, Water
Pollution Control Federation, 1985 Standard Methods for the Examination of
Water and Wastewater, 16th ed., Washington, D C, Am Public Health Association

US Eavironmental Protection Agency, 1976 Interim Radiochemical Methodology
for Drinking Water, Report No EPA-600/4-75-008 Cincinnati US Eavironmen-

tal Protection Agency

Harley, J H, ed, 1975, HASL Procedures Manual, HASL-300, Washington, DC,
US Energy Research and Development Administration

Misaq:, Fazlelleh L, Monitoring Radon-222 Content of Mine Waters Informational
Report 1026, US Department of Interior, Mining Enforcement and Safety Ad-

ministration, Denver, CO, 1975
*Radioassay Procedures for Environmental Samples,” 1967, USDHEW, Section 723

“Handbook of Analytical Procedures,” USAEC, Grand Junction Lab 1970, page
196

"Prescribed Procedures for Measurement of Radioactivity 1n Drinking Water.”
EPA-600/4-80-032, Auguat 1980, Eavironmentai Monitoring and Support Labora-
tory, Office of Research and Development, US Eavironmental Protection
Agency, Cincinnati, Ohio 45268

*Methods for Determination of Radicactive Substances in Water and Fluvial Sed-
iments,” USGS Book 5, Chapter AS, 1977

"Acid Dissolution Method for the Analysis of Plutonium :n Soil,” EPA-600/7-79-
081, March 1979, US EPA Eavironmental Monitoring and Support Laboratorv,
Las Vegas, Nevada, 1979

"Procedures for the Isolation of Alpha Spectrometrically Pure Plutonium, Ura-
nium and Americium,” by E H Essington and B J Drennon, Los Alamos National
Laboratory, a private communication

"Isolation of Americium from Urine Samples,” Rocky Flats Plant, Health, Safery,
and Eavironmental Laboratories
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ATTACHMENT 2

. Lower Limits of Detection

The detection Limits presented were calculated using the formula 1o NRC
Regulatory Guide 4 14, Appendix Lower Limit of Detection, pg 21, and follow

1/2

LLD = 4 66 BKG
DUR

(2.22) (Eff) (CR) (SR) (e-xt) (Al1q),

Where

LLD = Lower Limit of Detection 1n pCi per sample unit

BKG = Instrument Background 1n couats per minute (cpm)

DUR = Duration of sample counting 1n minutes

Eff = Counting efficiency 1n cpm/disintegration per manute (dpm)
CR = Fractional radiochemical yield

SR = Fractional radiochemical yield of a known solution

X = The radioactive decay constant for the particular radionuchide
t = the elapsed time between sample collection and counting

In that LLD s a function of many variables including sample matrix, sample

volume, and other factors, the limits presented are only intended as guides to order-

‘ of -magnitude sensitivities and, 10 practice, can easily change by a factor of two or
more cven for the conditions specified

ROCKY FLATS PLANT IGMP/CSPCP Dralt February 1987 (Revision 1) QA/QC Plan Section 3, page 11
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ATTACHMENT |

Method References

US Environmental Protection Agency, 1979, Radiochemical Analytical Procedures
for Analysis of Environmental Samples, Report No EMSL-LY-0539-1, Las Vegas,
NV, US Environmental Protection Agency

American Public Health Association, American Water Works Association, Water
Pollution Control Federation, 1985 Standard Methods for the Examination of
Water and Wastewater, 16th ed., Washungton, D C.,, Am. Public Health Association

US Environmental Protection Agency, 1976 Interim Radiochemical Methodologv
for Drinking Water, Report No EPA-600/4-75-008 Cincinnati US Enviroamen-

tal Protection Agency

Harley, ] H, ed, 1975, HASL Procedures Manual, HASL-300, Washington, D C,
US Energy Resecarch and Development Administration

Misaqi, Fazlelleh L, Monitoring Radon-222 Content of Mine Waters Informational
Report 1026, US Department of Interior, Mining Enforcement and Safety Ad-
ministration, Denver, CO, 1975.

"Radioassay Procedures for Environmental Samples,” 1967, USDHEW, Section 723

"Handbook of Analytical Procedures,” USAEC, Grand Junction Lab 1970, page
196

"Prescribed Procedures for Measurement of Radioactivity i1n Drinking Water,"
EPA-600/4-80-032, Auguat 1980, Environmental Monitoring and Support Labora-
tory, Office of Research and Development, US Environmental Protection
Agency, Cincinnaty, Ohio 45268

"Methods for Determination of Radioactive Substances in Water and Fluvial Sed-
iments,” USGS Book §, Chapter AS, 1977

"Acid Dissolution Method for the Analysis of Plutonium 1n Soil,” EPA-600/7-75-
081, March 1979, US EPA Environmental Monitoring and Support Laboratorv,
Las Vegas, Nevada, 1979

"Procedures for the Isolation of Alpha Spectrometrically Pure Plutonium, Ura-
nium and Americium,” by E H Essington and B J Drennon, Los Alamos National
Laboratory, a private communication.

"Isolation of Americium from Urine Samples,” Rocky Flats Plant, Health, Safety,
and Environmental Laboratories
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ATTACHMENT 2

Lower Limits of Detection

The detection limits presented were calculated using the formula 1 NRC
Regulatory Guide 4 14, Appendix Lower Limit of Detection, pg 21, and follow

1/2

LLD = 4 66 BKG
DUR

(2.22) (Eff) (CR) (SR) (e-xt) (Ah1q),

Where

LLD = Lower Limit of Detection 1n pCi per sample unit

BKG = Instrument Background in counts per minute (cpm)

DUR = Duration of sample counting 10 minutes

Eff = Counting e¢fficiency 1n cpm/disintegration per minute (dpm)
CR = Fractiona! radiochemical yield

SR = Fractional radiochemical yield of a known solution

X = The radioactive decay coanstant for the particular radionuclide
t - the elapsed time between sample collection and counting

In that LLD 1s a function of many vaniables including sampie matrix, sample
volume, and other factors, the limits presented are only intended as guides to order-
of -magnitude sensitivities and, 1n practice, can easily change by a factor of two or
more c¢ven for the conditions specified
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Table 35 Hazardous Substance List (HSL) and Contract Required
Detection Limits (CRDL)*®

Low Wg;g;% Low Soil gS;q;m;mb

Volatiles CAS Number _ug/L ug/Kg
! Chloromethane 74-87-3 10 10
2 Bromomethane 74-83-9 10 10
3 Vinyl Chloride 75-01-4 10 10
4 Chloroethane 75-00-3 10 10
§ Methylene Chloride 75-09-2 6 5
6 Acetone 67-64-1 10 10
7 Carbon Disulfide 75-15-01 5 5
8 1,1-Dichlorocthene 75-35-4 5 5
9 1,1-Dichloroethane 75-35-3 5 5
10 trans-1,2-Dichlorocthene 156-60-5 5 5
11 Chloroform 67-66-3 5 5
12 1,2-Dichloroethane 107-06-2 S 5
13 2-Butanone 78-93-3 10 10
i4 1,1,1-Trichioroethane 71-55-6 5 5
15 Carbon Tetrachloride 56-23-$ 5 5
16 Vinyl Acetate 108-05-4 10 10
‘ 17 Bromodichloromethane 75-27-4 s 5
18 1,1,2,2-Tetrachlorocthane 79-34-5 5 5
19 1,2-Dichloropropane 78-87-5 s 5
20 trans-1,3-Dichloropropene 100061-02-6 5 5
21 Trichloroethene 79-01-6 5 s
22 Dibromochloromethane 124-48-1 5 5
23 1,1,2-Trichloroethane 79-00-5 5 5
24 Benzene 71-43-2 5 5
25 cis-1,3-Dichloropropene 10061-01-5 5 5
26 2-Chloroethyl Vinyl Ether 110-75-8 10 10
27 Bromoform 75-25-2 5 5
28 2-Hexanone 591-78-6 10 10
29 4-Methyl-2-pentanonc 108-10-1 10 10
30 Tetrachioroethene 127-18-4 5 [
31 Toluene 108-88-3 5 5
32 Chlorobenzene 108-90-7 5 5
33 Ethyl Benzene 100-41-4 5 5
34 Styrene 100-42-5 5 5
35 Total Xylenes 100-42-5 5 5

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC Plan Section 3 page 13




Table 35 (Continued)

@ o WAL Lt

Semi-Volatiles CAS Number __ug/L ug/Kg

36 N-Nitrosodimethylamine 62-75-9 10 330
37 Phenol 108-95-2 10 330
58 Aniline 62-53-3 10 330
39 bis(2-Chloroethyl) ether i111-44-4 10 330
40 2-Chlorophenol 95-57-8 10 330
41 1,3-Dichlorobenzene 541-73-1 10 330
42 1,4-Dichlorobenzene 106-46-7 10 330
43 Benzyl Alcohol 100-51-6 10 330
44 1,2-Dichlorobenzene 95-50-1 10 330
45 2-Methylphenol 95-48-7 10 330
46 bis(2-Chloroisopropyl

¢ther 39638-32-9 10 330
47 4-Methylphenol 106-44-5 10 330
48 N-Nitroso-Dipropylamine 621-64-7 10 330
49 Hexachloroethane 67-72-1 10 330
50 Nitrobenzene 98-95-3 10 330
51 Isophorone 78-59-1 10 330
52 2-Nitrophenol 88-75-5 10 330
53 2,4-Dimethyiphenol 105-67-9 10 330

. 54 Benzoic Acud 65-85-0 50 1600

55 bis(2-Chloroethoxy)

methane 111-91-1 10 330
56 2,4-Dichlorophenol 120-83-2 10 330
$7 1,2,4-Trichlorobenzene 120-82-1 10 330
58 Naphthalene 91-20-1 10 330
59 4-Chloroaniline 106-47-8 10 330
60 Hexachlorobutadiene 87-68-3 10 330
6! 4-Chloro-3-methyiphenol

(para-chloro-meta-cresol) 59-50-7 10 330
62 2-Methylnaphthalene 91-57-6 10 330
63 Hexachlorocyclopentadiene 77-47-4 i0 330
64 2,4,6-Trichlorophenol 88-06-2 10 330
65 2,4,5-Trichlorophenol 95-95-4 SO 1600
66 2-Chloronaphthalene 91-58-7 10 330
67 2-Nitroaniline 88-74-4 50 1600
.68 Dimethyl Phthalate 131-11-3 10 330
69 Acenaphthylene 208-96-8 10 330
70 3-Nitroaniline 99-09-2 50 1600

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC Plan Section 3 page 16




Semi-Volatijes

71
72
73
74
75

76
77
78

79
80

81

82
83

84
85

86
87
88
89
9

91
92

93
94
95

96
97
98
99
100
101
102
103

ROCKY FLATS PLANT

Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Danitrotoluene

2,6-Dinitrotuluene
Diethylphthalate
4-Chlorophenyl Phenyl
ether

Fluorene
4-Nitroaniline

4,6-Dinitro-2-methyli-
phenol
N-nitrosodiphenylamine
4-Bromophenyl Phenyl
ether
Hexachlorobenzene
Pentachloropphenol

Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene
Benzidine

Pyrene

Buty! Beazyl
Phthalate
3,3’-Dichiorobenzidine
Benzo(a)anthracene
bis(2-ethylhexyl)
phthalate

Chrysene

Di-n-octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,1)perylene

Table 35 (Continued)

CAS Number

83-32-9
51-28-5
100-02-7
132-64-9
121-14-2

606-20-2
84-66-2

7005-72-3
86-73-7
100-01-6

534-52-1
86-30-6

101-55-3
118-74-1
§7-86-5

85-01-8
120-12-7
84-74-2
206-44-0
92-87-5

129-00-0

117-81-7

218-01-9
117-84-0
205-99-2
207-08-9
50-32-8

193-39-5
53-70-3

191-24-2

vg/L _ug/Kg
i0 330
50 1600
50 1600
10 330
10 330
10 330
10 330
10 330
10 330
50 1600
50 1600
10 330
10 330
10 330
50 1600
10 330
10 330
10 330
10 330
50 1600
10 330
10 330
20 660
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
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Pesticides

104
105

106
107
108
109
110

111
112
13
114
115

116
117
118
119
120

121
122
123
124
125

126
127
128
129
150

alpha-BHC
beta-BHC

deita-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor Epoxide

Endosuifan |
Dieldrin
4,4'-DOE
Endrin
Endosulfan I

4,4’-DDD

Endrin Aldehyde
Endosulfan Sulfate
4,4-°DDT

Eadrin Ketone

Methoxychlor
Chlordane
Toxaphene
AROCLOR-1016
AROCLOR-1221

AROCLOR-1232
AROCLOR-1242
AROCLOR-1248
AROCLOR-1254
AROCLOR-1260

Table 35 (Continued)

Detection Limjts®

Low Wg;;:c Low SQ||(Sgd|m;n;f
CAS Number __uwg/L ug/Kg
319-84-6 00s 80
319-.85-7 00s 80
319-86-8 00s 80
58-89-9 00s 80
76-44-8 00Ss 80
309-00-2 00Ss 80
1024-57-3 005 80
959.98-8 005 80
60-57-1 010 160
72-55-9 010 160
72-20-8 Q10 160
33213-65-9 0.10 160
72-54-8 010 160
7421-93-4 0.10 160
1031-07-8 0.10 160
50-29-3 0.10 160
53494-70-5 010 160
72-43-5 0.5 800
57-74-9 05 800
8001-35-2 10 1600
12674-11-2 0Ss 800
113104-28-2 0s 800
11141-16-5 05 800
53469-21-9 0Ss 800
12672-29-6 0S§ 800
11097-69-1 10 1600
11096-82-5 10 1600

I\fedium Water Contract Required Detection Limits (CRDL) for Volatile HSL

Compounds are 100 times the 1ndividual Low Water CRDL

Medium Soil/Sediment Contract Required Detection Limits (CRDL) for Volatile
HSL Compounds are 100 times the 1ndividual Low So1l/Sediment CRDL
Medium Water Contract Required Detection Limits (CRDL) for Semi-Volatile HSL

Compounds are 100 times the 1ndividual Low Water CRDL

Medium Soi1l/Sediment Contract Required Detection Limits (CRDL) for Semi-
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Table 35 (Continued)

€Medium Water Contract Required Detection Limats (CRDL) for Pesticide HSL

Compounds are 100 times the individual Low Water CRDL
[Mcdxum Sotl/Sediment Contract Required Detection Limits (CRDL) for Pesticide
HSL compounds are 60 times the individual Low Soil/Sediment CRDL

*Detection hmits histed for soi1l/sediment are based on wet weight. The detection limuts
calculated by the laboratory for soil/sediment, calculated on dry weight basis, as

required by the contract, will be higher
**These are the EPA detection limits under the Contract Laboratory Program Specific
detection limits are highly matrix dependent The detection Iimats listed herein are

provided for guidance and may not always be achievable
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Table 36 Elements Determined by Inductively Coupted
Plasma Emission or Atomic Absorption Spectroscopy

Contract Required
Detection Levell?

Element {ug/L)
Aluminum 200
Aantimony 60
Arsenic 10
Barium 200
Beryllium 5
Cadmium 5
Calcium 5000
Chromium 10
Cobalt 50
Copper 25
Iron 100
Lead 5
Magnesium 5000
Manganese 15
Mercury 0.2
Nickel 40
Potassium 5000
Selenmium 5
Silver 10
Sodium 5000
Thallium 10
Vanadium S0
Zinc 20
Cesium 200
Molybdenum 40
Strontium 200
Cyanide 10

Note Detection limits 1n soil/sediment are numerically equivalent to those listed
above with concentration units of mg/kg

leghcr detection levels may also be used
1n the following circumstances

If the sample concentration exceeds two times the detection himit of the instrument
or method 1n use, the value may be reported even though the instrument or method
detection limit may not equal the contract required detection limit. This

is 1llustrated in the example below
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Table 36 (Continued)

For lead

Method 1n use - ICP

Instrument Detection Limit (IDL) = 40

Sample Concentration = 85

Contract Required Detection Limit (CRDL) = §

The value of 85 may be reported even though instrument detection limit 1s greater
than required detection level The instrument or method detection limit must be
documented

zThcse CRDL are the instrument detection limits obtasned 1n pure water

met using the procedure 1n Exhibit E The detection limits for samples may be
considerably higher depending on the sample matrix
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‘ 4 SAMPLING PROCEDURES

Procedures for collecting samples and for performing all related field activi-
ties are described 1n detail :n Appendix A of the IGMP/CSPCP Sampling Plan Ad-
herence to these procedures will be confirmed by the CEARP Quality Assurance Ot-

ficers (Rockwell International and subcontractor) by quality assurance audits
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. S. SAMPLE CUSTODY

CEARP field custody procedures are described in Section 72 of the
IGMP/CSPCP Sampling Plan Laboratory custody procedures for the analytical labo-

ratories are described 1n Appendix A

N
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6 CALIBRATION PROCEDURES AND FREQUENCY

Standard commercial calibration procedures will be used by the analytical lab-

oratories, as specified 1n Appendix A

Calibration of equipment used to perform geotechnical testing will be 1n ac-
cordance with that specified 1n the ASTM Method D 422-63 for hydrometer and sieve
analyses (Annual Book of ASTM Standards, Volume 04 08, 1984) The equipment cali-
brations, including those for ovens, thermometers and balances, shall be done at a

minimum of every six months and prior to large scale testing

Field 1nstruments will be calibrated according to procedures presented in Ap-
pendixes A and B of the IGMP/CSPCP Sampling Plan A calibration log book will be
assigned to each field instrument, and all calibrations will be documented 1n the log

books
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7. ANALYTICAL PROCEDURES

Laboratory analyses will follow methods described in Tables 31, 32, 33, and

34 Deviation from those methods, 1f required, will be presented 1n the SSMPs
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8. DATA REDUCTION, VALIDATION, AND REPORTING

Analytical laboratories will provide results to the Rockwell International
CEARP Manager, the Subcontractor Project Manager, and Quality Assurance Officers
These data will inciude results and documentation for blanks and duplicates, matrix

spikes, and forms summarizing analytical precision and accuracy

Analytical data, including quality control sample analysis, will be entered 1nto
the technical data base The analyses will be grouped into lots, with quality control
samples associated with a particular lot. The analyses of quality control samples will
be compared to theoretical known concentrations of those samples If analyses do not
meet acceptance criteria, the analytical laboratory may be asked to re-analyze the
samples for parameters which do not exceed holding times Analyses which cannot
meet acceptance criteria, will be labelled as unacceptable All parameter-specific val-
ues for a lot in which the quality control analyses did not meet acceptance criteria,

will be removed from the technical data base

Acceptance criteria for analyses of parameters for quality control samples
(knowns) will be based on the theoretical known value furnished by the laboratorv
that prepared the sample The theoretical known value 1s stated as a range of values
The analysts of the sample must be within the stated range of the theoretical known
plus or minus 10% of the range An exception i1s analyses at or near the limit of de-
tection If the lower limit of the range of the theoretical known value 1s less than
twice the limit of detection, an acceptable analysis inciudes the range from the limit

of detection to the upper limit of the theoretical range, plus 10%

Analytical reports from a field laboratory, if used, and the geotechnical labo-
ratory will i1nclude all raw data, documentation of reduction methods, and related
quality assurance/quality control data These data will be assessed by verification ot
reduction results and confirmation of compliance with quality assurance/qualitv con-

trol requirements

Raw data from ficld measurements and sample collection activities used in
project reports will be appropriately i1dentified Where data have been reduced or

summarized, the method of reduction will be documented
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The Quality Assurance Officers will review results of Quality Control-accep-

‘ tance evaluations and will document acceptance or non-acceptance of data The Qual-
1ty Assurance Officers will maintain records of quality control-acceptance tests

These records will be subject to independent audit, which may include Los Alamos

Nauonal Laboratory
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9 INTERNAL QUALITY CONTROL PROCEDURES

Internal quality control procedures for the laboratory are those specified in
Appendix A These specifications include types of audits required (eg. samplc
spikes, surrogate spikes, reference samples, controls, and blanks), frequency of audits
compounds to be used for sample spikes and surrogate spikes, and quality control ac-

ceptance criteria for audits

The qualsty control checks and acceptance for data from a field laboratory, i1f
used, and the geotechnical laboratory arec described above 1n Sections 32 and 33
Quality control procedures for field measurements (pH, conductivity, and tempera-
ture) are limited to checking the reproducibility of the measurement 1n the field by
obtaining multiple readings and/or by calibrating the instruments (where ap-
propriate) Quality control of field sampling will involve collecting field duplicates

and blanks
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10. PERFORMANCE AND SYSTEMS AUDITS

For each activity where samples are collected, a performance audit 1nvesti-
gating conformance with quality control procedures will be conducted (Appendix A)
at the discretion of the Rockwell International CEARP manager, Subcontractor Pro-
ject Manager, and Quality Assurance Officers This audit will be scheduled to allow
oversight of as many different field activities as possible This audit will be per-
formed by the Quality Assurance Officers or their designees. A written report of the
results of this audit, along with a notice of nonconformuty (if necessary), will be
submutted to the following individuals:

- Rockwell International CEARP Manager

- Subcontractor Project Manager
- Subcontractor Site Manager

At least one systems audit will be performed during the project The audit
will verify that a system of quality control measures, procedures, reviews, and ap-
provals was established for all activities and 1s being used by project personnel It
will also verafy that the system for project documentation 1s being used and that all
quality control records, along with required quality control reviews, approvals, and
activity records are being maintained. A standard checklist for systems audits will be
used The systems audit will be conducted by the Quality Assurance Officers and/or
Los Alamos National Laboratory A final report will be prepared which summarizes

any deviations from approved methods and their impacts on the project results

After consultation with the CEARP Manager (and Subcontractor Project Man-
ager), the Quality Assurance Officers may schedule systems audits of the participat-
ing laboratories At a minimum, the systems audit would include i1nspection of labo-
ratory notebooks, control sheets, logsheets, computer files, and equipment calibration
and maintenance records If scheduled, system audits will be executed by 1ndividuais

identified 1n Section 2.3 of this document.

Performance and systems audits of analytical laboratories will be scheduled
and exccuted by the laboratory Quality Assurance Officers. Performance audits are

conducted at least semiannually

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revimion 1) QA/QC Plan Section 10 page |



. 11. PREVENTIVE MAINTENANCE

This section applies solely to field equipment Prevenuve maintenance will be
addressed by checks of equipment prior to 1mitiation of field operations, to allow time
for replacement of malfunctioning equipment The Subcontractor Site Manager will
be responsible for implementing and documenting these procedures on a weekly basis

during the period of use
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12. LABORATORY DATA ASSESSMENT PROCEDURES

Analytcal data from laboratories 1s assessed for accuracy, precision and com-

pleteness by the laboratory Quality Assurance Officers, using standard procedures

Assessment of data generated by analytical laboratories 1s initiated and con-
tinued at three administrative levels The bench chemist directly responsible for the
test knows current operating acceptance himits He/she can directly accept or reject
generated data and consult with his/her immediate supervisor for any corrective
action Once the bench chemist has reported the data as acceptable, he/she 1nitials
the report sheet Any out-of-control results arc flagged and a note 1s made as to whv

the results were reported

The chief chemust receives the data sheets and reviews the quality control data
that accompanied the sample run After checking the reported data for completeness
and quality control results, the chief chemist either initials the report sheet or sends
1t back to the bench chemist for rerunning of samples The Quality Control Coordi-
nator reviews data forwarded to him/her as acceptable by the chief chemist Any
remaining out-of-control results that, in the opinion of the Quality Control Coordina-
tor, do not necessitate rerunning of the sample, are flagged, and 2 memo 1s written to
the data user regarding utility of the data Data generated from all analyses are
given a final review by the laboratory Quality Assurance Officers
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13 CORRECTIVE ACTION PROCEDURES

The Quality Assurance Officers and their audit teams will prepare a report de-
scribing the results of the performance and/or system audits If unacceptable cond:-
tions (¢ g, failure to have/use procedures), unacceptable data, nonconformity with the
quality control procedures, or a deficiency are identified, the Quality Assurance Of-
ficers will notify the Rockwell International CEARP Manager of the results of the
audit 1n writing They will also state 1f the nonconformity 1s of significance for the
program and recommend appropriate corrective actions The Rockwell International
CEARP Manager will be responsible for ensuring that correcitve 1s developed and 1ni-
tzated and that, if necessary, special expertise not normally available to the project
team 1s made available The subcontractor will be responsible for carrying out cor-
rective actions The subcontractor will also ensure that additional work 1s not per-

formed until the nonconformity is corrected Corrective action may inciude
- reanalyzing the samples if holding time permats,

- resampling and reanalyzing,

- evaluating and amending the sampling and analytical procedures,
and

- accepting the data and acknowledging its level of uncertainty

The Rockwell International CEARP Manager will be responsible for ensuring

that corrective action was taken, and that it adequately addressed the nonconformitv

After corrective action 1s taken, the Quality Assurance Officer responsibie for
the audit will document 1ts completion 1n a written report The report will indicate
any 1dentified findings, corrective action taken, follow-up action, and final
recommendations The report will be sent to the Rockwell International CEARP Man-
ager Project staff will be responsible for initiating reports on suspected nonconfor-

maties 1n field activities and deliverables or documents
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14 QUALITY ASSURANCE REPORTS

The Rockwell International CEARP Manager will rely on wrnitten re-
ports, memoranda documenting data assessment activities, performance and systems
audits, nonconformity notices, corrective action reports, and quality assurance notices
to enforce quality assurance requirements. The Los Alamos National Laboratory wiil
be 1ssued a written quality assurance report at the end of each stage of site character-
1zation (remedial investigation) by the Rockwell International CEARP Manager

Records will be maintained to provide evidence of quality assurance activities
Proper maintenance of quality assurance records is esseantial to provide support for
evidential proceedings and to assurc overall quality of the invesuigation A quality
assurance records index will be started at the beginning of the project All informa-
tion received from outside sources or developed during the project will be retained by
the project team Upon termination of an individual task or work assignment, work-
ing files will be processed for storage as quality assurance records Upon termination
of the project, complete documentation records (for example, chromatograms, spectra,
and calibration records) will be archived as required by DOE Order 1324 2A (Records
Deposition) The Rockwell International CEARP Manager and the Los Alamos Na-
tional Laboratory CEARP Rocky Flats Plant Team Leader will be responsible for en-
suring that the Quality Assurance records are being properly stored and that they can

be retrieved
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SECTION 1

CONCLUSIONS AND RECOMMENDATIONS

Results of hydrogeologic investigations at the West Spray Field suggest that
spray application of liquids from the Solar Evaporation Ponds 207B North and Center
may have resulted in elevated levels of nitrate in the alluvial ground water Sulfate
and sodium 1ons were also elevated above background The total dissolved solids
(TDS) showed generally higher values than background in the potentially impacted

areas Only nitrate occurs at concentrations above the proposed concentration limit

Alluvial ground-water flow 1n the West Spray Field Area reflects regional and
local topography Ground water enters the West Spray Field Area from the west and
generally flows east-northeastward following topography Alluvial ground-water flow
15 sensitive to the overall elevation of the water table during the course of a year
When the elevation of the water table 1s relatively high and saturated thickness is
great, ground water exhibits a more eastwardly component of flow than when the

elevation of the water table and saturated thicknesses are reduced

The following activities will further define ground-water flow directions and

rates as well as ground-water quality at the West Spray Field

1) Additional background wells will be installed south and sidegradient of
the West Spray Field to better characterize background ground-water
quality

2) Additional downgradient and sidegradient wells will be installed

immediately adjacent to the spray field during Interim Status
monitoring to define ground-water flow directions and quality

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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3) An additional alluvial well will be i1nstalled near the center of the spray
. field to evaluate aliuvial ground-water flow directions within the area

l 4) All 1986 wells will be resurveyed

! 5) Quarterly ground-water monitoring will continue at the West Spray
Field
6) Monthly water level measurements will also continue
. WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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INTRODUCTION

This report presents a geologic and hydrogeologic characterization of the West
Spray Field The West Spray Field at the Rocky Flats Plant was first identified as a
RCRA regulated unit in the fall of 1985 when the initial facility Part B application
was 1n preparation At that time, 1t was determined that certain waste streams being
disposed at the West Spray Field were RCRA hazardous wastes Shortly thereafter, 1t
was determined that continued disposal of hazardous wastes at the West Spray field
would cease Hence, a closure plan for interim status closure of the West Spray Field
1s required pursuant to Part 265 of the Colorado State Hazardous Waste Regulations
(6 CCR) and Title 40, Part 265 of the Code of Federal Regulations (40 CFR) The

goal of the closure plan 1s to meet closure performance standards as follows

o The owner or operator must close the facility in a manner that a)
minimizes the need for further maintenance, and b) controls, minimizes
or eliminates, to the extent necessary, to protect human health and the
environment, post-closure escape of hazardous waste, hazardous waste
constituents, leachate, contaminated rainfall, or hazardous waste
decomposition products to the ground or surface waters or to the
atmosphere (6 CCR and 40 CFR 264 111)

0 The owner or operator must provide a detailed description of the steps
needed to remove or decontaminate all hazardous waste residues and
contaminated containment system components, equipment, structures,
and soils during partial and final closure including, but not limited to,
procedures for cleaning equipment and removing contaminated souls,
methods for sampling and testing surrounding soils, and criteria for
determining the extent of decontamination required to satisfy the
closure performance standard {6 CCR at 40 CFR 264 112(b)(4)]

. WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 PAGE 2-1



o The owner or operator must provide a detailed description of other
activities necessary during closure period to ensure that all partial
closures and final closure satisfy the closure performance standards,
including, but not ILimited to, ground-water monitoring, leachate
collection, and run-on and run-off control {6 CCR and 40 CFR
264 112(b)(5)]

o During the partial and final closure periods, all contaminated
equipment, structures and soil must be properly disposed of, or
decontaminated unless specified otherwise in 264280 (6 CCR and 40
CFR 264 114)

A closure plan was submitted on November 28, 1986, for the West Spray Field
as part of the RCRA Post-Closure Care Permit Application for the Rocky Flats Plant
(Rockwell International, 1986a) It was prepared in accordance with 6 CCR and 40
CFR 265 Interpretations and conclusions incorporated in this report supersede those

1n the 1986 Post-Closure Care Permit Application

21 REPORT QVERVIEW

This report provides results of the 1986 and 1987 site characterization
investigation performed at the West Spray Field at Rocky Flats Plant Historical
acrial photographs and previous investigations were also sources of information for
this report (Colorado Aerial Photo Service 1968, 1970, 1972, 1974-1985, US Geol
Survey, 1971, Scharf & Associates, 1986, Agricultural Stabilization and Conservation

Service, 1969, Woodward-Clevenger, 1974, Zeff et al, 1974, and Lord, 1977)

Presented 1n this introduction are site location and description, objectives of
this study, and a summary of previous investigation results The introduction 1s
followed by a regional setting chapter (Section 3) which describes chimatology,
physiography, geology, ground-water hydrology, and surface water hydrology 1n the

vicinity of Rocky Flats Plant Section 4, Soils Characterization, provides a chemical
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characterization of the soils and Solar Evaporation Pond sludges and liquids Section
5 describes the site hydrogeology, including site geologic setting, ground-water flow

paths, and water gquality

Appendices A through E contain supporting data The sampling plans for the
1986 and 1988 field work are presented in Appendix A Appendices B and C contain
the hydrogeologic data and test pit data, respectively Appendix D contains the

analytical data Appendix E contains 1986 soils analytical data

22 SITE LOCATION AND DESCRIPTION

The Rocky Flats Plant 1s located in northern Jefferson County, Colorado,
approximately 16 miles northwest of Denver (Figure 2-1) The Plant consists of
approximately 6,550 acres of federally owned land in Sections 1 through 4 and 9
through 15 of T2S, R70W, 6th Principal Meridian Major buildings are located within
the Plant security area of approximately 400 acres The security area 1s surrounded

by a buffer zone of approximately 6,150 acres (Figure 2-2)

This site characterization report addresses the West Spray Field located within
the Rocky Flats property boundary just west of the controlled area of the Rocky
Flats Plant (Figure 2-2) This site was 1dentified as a regulated unit because materials

contaminated with listed hazardous wastes were disposed at the West Spray Field

The West Spray Field was in operation from April 1982 to October 1985
During operation, excess liquids from solar evaporation ponds 207B North and Center
were pumped periodically via pipeline to the West Spray Field for spray application

Based on interviews and examination of aerial photographs, the exterior boundary of
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the spray field and three direct application areas have been located (Figure 2-3)
. (Rockwell 1986a)

The West Spray Field covers an area of approximately 4,577,000 square feet or
approximately 1051 acres Three areas, where direct application of the lLiquids
occurred, have been designated Areas 1, 2, and 3 for the purpose of this report
(Figure 2-3) Area 1 1s approximately 1,533,000 square feet or about 356 acres in
surface area Area 2 1s approximately 1,360 feet by 80 feet in size, with a surface
area of 109,000 square feet or about 25 acres Area 3 1s an oval area made up of
small circular application areas all with a radius of approximately 100 feet The total
surface area of Area 3 1s approximately 32 acres The total combined area of direct

application 1s about 41 3 acres or about one-third of the total West Spray Field area

Spray application was initially done by two self-propelled spray irrigation

lines mounted on metal wheels with i1mpulse heads These portable lines were

‘ replaced by three fixed irrigation lines with impulse heads A spray impulse cannon
was also utilized 1n Area 3 The photographs indicate some surface run-off occurred

into the unnumbered areas within the approximate location of the spray field’s

exterior boundary Limited quantities of windblown spray probably also contributed

to the vegetation patterns observed on the aerial photographs (Rockwell 1986a)

23 OQOBJECTIVES

The objectives of this study are to characterize site geology, hydrology, and
the extent of contamination at the West Spray Field This information will be used to
support closure activities and develop post-closure care and monitoring programs

Post-closure care activities and monitoring programs are presented in the Post-Closure
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Care Permut Application In addition, an evaluation of the ground-water qualitv and

. hydrogeology are presented along with recommendations for additional field work

24 SUMMARY OF PREVIOUS INVESTIGATIONS

A series of investigations have been conducted at the Plant to characterize
ground water, surface water, and sotls A summary of investigations performed at the

West Spray Field 1s presented below

In 1975, the US Department of Agriculture Soil Conservation Service
conducted 1nvestigations 1n Jefferson County as part of a soil survey The
investigation provided soil survey maps, soil map unit descriptions including
physiography, soil characteristics, use and management, soil series interpretations for
various soils and general description of the soils for the area The Rocky Flats Plant

site was 1ncluded 1n this soil survey

Hydro-Search, Inc (1985) presented a hydrogeologic characterization of the
Rocky Flats Plant This report describes the hydrogeologic and ground-water quality
conditions at the Plant based on data existing at the time  The ground-water
monitoring system was described and evaluated, and recommendations were made for

a new monitoring program

In 1986, R L Henry (Rockwell International) submitted a report summarizing
trends observed in the surface water monitoring at Rocky Flats Plant The report
discusses the surface water control system (SWCS) completed in 1980, which 1s
designed to divert flow around Plant site and collect surface runoff and store 1t
temporarily for monitoring before discharge Henry also discusses non-radioactive
and radioactive trends in the surface water quality
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Chen and Associates (Rockwell International, 1986a) prepared a closure plan

. for the West Spray Field at Rocky Flats Plant This plan describes the operation
procedures at the West Spray field including spray application polictes and

procedures, waste inventory, waste characteristics, application rates, waste transfer

equipment, and storage and pretreatment facilities

Chen and Associates (Rockwell International, 1986b) also prepared a
preliminarv prioritization of sites at Rocky Flats Ptant The prioritization of sites

was based on review of previous investigations and historical aerial photographs

Nine ground-water monitoring wells, two upgradient, four downgradient of the
West Spray Field, and three adjacent to the West Spray Field, were installed in 1986
according to the procedures outlined in Rockwell International (1986¢) These wells
were installed to characterize the hydrogeology in the vicinity of the West Spray
Field and to evaluate whether the West Spray Field was an imminent threat to the

| ‘ public or the environment The work plan for the 1986 field program 1s presented 1n
Rockwell International (1986d), and Plate 2-1 presents monitor well locations at

Rocky Flats Plant

Tracer Research (1986) conducted a shallow soil-gas investigation at the Rocky
Flats Plant Ninety-five soil-gas and shallow ground-water samples were collected and
analyzed The objective of the investigation was to locate extent of halocarbon

contamination

WESTON conducted a soil sampling investigation in the West Spray Field 1n
1986 The 1nvestigation evaluated potential volatiles, semi-volatiles, pesticides, metals,
radionuclides, and RCRA waste characteristics present due to application of liquids

from Solar Evaporation Ponds 207B North and Center (WESTON, 1986b and 1986¢)
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The investigation concluded that the soils at the West Spray Field would not be
classified as a hazardous waste under RCRA All parameters of concern occurred 1n

low concentrations and/or below laboratory detection limits

Additional soil sampling was conducted 1n 1988 1n the West Spray Field area
The 1nvestigation was conducted by excavating test pits across three defined soil
horizons and collecting samples 1n each soil horizon The investigation evaluated
potential volatiles, semi-volatiles, uranium, plutonium, gross alpha, gross beta, nitrates,
lead, and mercury Results of the investigation are discussed in Section 4, Soils

Characterization

Rockwell International (1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983,
1984, 1985, 1986¢, and 1987a) are annual environmental monitoring reports These
reports summarize annual monitoring, data collection, analyses, and evaluations of
programs at the facility Annual environmental monitoring programs include ambient
air, surface water, ground water, soils, and regional water supplies 1n the vicinity of

the Rocky Flats Plant
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’ SECTION 3

REGIONAL SETTING

This section presents the regional setting of Rocky Flats Plant, including
discussions of climatology, physiography, geology, ground-water hydrology, and
surface water hydrology Site-specific discussions of hydrogeology and surface water

hydrology at the West Spray Field are presented 1n Sections 40 and 50, respectively

31 CLIMATOILOGY

The area surrounding the Rocky Flats Plant has a semiarid climate typical of
the Rocky Mountain region However, the elevation of the Plant and the nearby

slopes of the Front Range slightly modify the regional climate

‘ Winds at Rocky Flats Plant, although variable, are predominantly from the
west-northwest Stronger winds occur during the winter, and the area occasionally
experiences Chinook winds with gusts up to 100 miles per hour because of 1ts location
near the Front Range (DOE, 1980) Figure 3-1 shows the wind direction, frequency,

and average velocity for each direction as recorded 1n 1985

Temperatures are moderate, extremely warm or cold weather 1s usually of
short duration On the average, daily summer temperatures range from 55 to 85
degrees Fahrenheit (F) and winter temperatures range from 20 to 45 degrees F
Temperature extremes recorded at the Plant have ranged from 102 degrees F on July
12, 1971 to -26 degrees F on January 12, 1963 The 24-year daily average maximum

temperature for the period 1952 to 1976 was 76 degrees F, the daily average minimum

‘ WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 PAGE 3-1



&
>15 7-15 3-7 1-3

meters per second

{atter Rockwell International, 1987a)

Figure 3-1:
1986 Annual Wind Rose for the Rocky Flats Plant




was 22 degrees F, and the average annual mean was 50 degrees F  Average relative

‘ humidity was 46 percent (DOE, 1980)

Average annual precipitation at the Plant 1s 15 inches Approximately 40
percent of the precipitation falls during the spring season, much of 1t as snow
Thunderstorms from June to August account for an additional 30 percent of the
precipitation Autumn and winter are drier seasons, accounting for 19 and 11 percent
of the annual precipitation, respectively Snowfall averages 85 inches per vyear,

generally occurring between October and May (DOE, 1980)

32 PHYSIOGRAPHY

The Rocky Flats Plant 1s located at an elevation of approximately 6,000 feet
above mean sea level The site 15 on the western margin of the Colorado Piedmont
section of the Great Plains Physiographic Province (Fenneman, 1931) The Colorado

. Piedmont ranges in elevation from 4,000 feet on the east to 7,000 feet on the west
The Piedmont merges to the east with the High Plains section of the Great Plains
Province and 1s terminated abruptly on the west by the Front Range section of the

Southern Rocky Mountain Province (Figure 3-2)

The Colorado Piedmont 1s an area of dissected topography and denudation
where Tertiary strata underlying the High Plains have been almost completely
removed In a regional context, the piedmont represents an old erosional surface
along the eastern margin of the Rocky Mountains It 1s underlain by gently dipping
sedimentary rocks (Paleozoic to Cenozoic 1n age), which are abruptly upturned at the
Front Range to form hogback ridges parallel to the mountain front The piedmont

surface 1s broadly rolling and slopes gently to the east with a topographic relief of
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only several hundred feet This relief 1s due both to resistant bedrock units that
' locally rise above the surrounding landscape and to the presence of incised stream
valleys Major stream valleys which transect the piedmont from west to east have
their origin 1n the Front Range Small local valleys have developed as tributaries to
these major streams within the piedmont In the area of the Plant, a series of
Quaternary pediments have been eroded across this gently rolling surface (DOE,

1980)

The eastern margin of the Front Range a few miles west of the Plant is
characterized by a narrow zone of hogback ridges and flatirons formed by steeply
cast-dipping Mesozoic strata (such as the Dakota Sandstone and the Fountain
Formation) Less resistant sedimentary units were removed by erosion (Figure 3-2)
The Front Range reaches elevations of 12,000 to 14,000 feet above mean sea level 15
miles farther west The range itself 1s broad and underlain by resistant gneiss, schist

‘ and granitic rocks of Precambrian age The resistant nature of these rocks has
restricted stream erosion so that deep, narrow canyons have developed in the Front

Range

Several pediments have been eroded across both hard and soft bedrock in the
area of the Plant during Quaternary time (Scott, 1963) The Rocky Flats pediment 1s
the most extensive of these, forming a broad flat surface south of Coal Creek The
broad pediments and more narrow terraces are covered by thin alluvial deposits of
ancient streams draining eastward into the Great Plains The sequence of pediments
reflects repetitive physical processes associated with cyclic changes 1n climate Each
erosional surface and stratigraphic sequence deposited on it probably represents a
single glacial cycle The oldest and highest pediment, the Subsummit Surface (Scott,

1960), truncates the hogback ridges of the Front Range Three successively younger
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pediments, veneered by alluvial gravels, extend eastward from the mountain front
Erosion of valleys into the pediments followed each depositional cycle so that, near
the mountain front, stratigraphically younger geologic units occur at topographically
lower elevations as narrow terrace deposits along the streams From oldest to
youngest, the three pre-Wisconsin deposits are the Rocky Flats Alluvium, the Verdos
Alluvium and the Slocum Alluvium (Scott, 1965) A series of Wisconsin and post-
Wisconsin terrace deposits are present at lower elevations along streams that have
incised the older pediments (east of the Plant) These alluvial deposits are described

1n Section 3 3 3, Surficial Geology

The Rocky Flats Plant 1s located on a relatively flat surface of Rocky Flats
Alluvium The pediment surface and overlying aliluvium (generally 10 to 50 feet
thick, although the alluvium 1s as much as 100 feet thick west of the Plant) have been
eroded by Walnut Creek on the north and Woman Creek on the south so that terraces
along these streams range in height from 50 to 150 feet The grade of the gently
eastward-sloping, dissected Rocky Flats Alluvium surface varies from 07 percent at

the Plant to approximately 2 percent just east of the Plant

33 REGIONAL GEOLQGY

331 logi¢c an ratigraphic Histor

This section describes the regional geologic and stratigraphic history in the
vicinity of the Plant, including the Denver Basin  Section 40 describes the site

specific geology and stratigraphy of the West Spray Field Area
The Rocky Flats Plant 1s located on the northwestern flank of the Denver

Basin and 1s underlain by about 12,000 feet of Paleozoic and Mesozoic sedimentary
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rocks (Hurr, 1976) The Denver Basin 1s an asymmetric syncline that formed during

‘ the Late Cretaceous Laramide Orogenv The western limb of the basin dips steeply to

the east, and the eastern limb dips gently to the west (Figure 3-3)

The geologic history of northeastern Colorado involves several episodes of
mountain building and oceanic transgression and regression, resuiting in the
deposition of thousands of feet of sedimentary rock on top of the Precambrian
basement This section describes the geologic history beginning with Precambrian
time  Geologic descriptions of the various units are provided within this context

More detailed descriptions of the units present on site are provided 1n Section 50

Early Precambrian tectonic, metamorphic, and plutonic i1gneous activity

created a complex fabric in the basement rock of Colorado (Grose, 1972) The

Precambrian units were covered by marine and continental sedimentation during the

lower Paleozoic (carbonate and siliciclastic rock units were deposited unconformably

‘ on the Precambrian basement) Most of these units were later eroded by multiple
Paleozoic diastrophisms, thus removing Cambrian to Mississippian rocks from the

Denver Basin area (Kent, 1972)

Middle Pennsylvanian orogenic activity formed the Ancestral Rockies, and the
Fountain Formation was deposited unconformably on the uplifted Precambrian
basement (Figure 3-4) The Fountain Formation contains coarse clastics derived
from the erosion of the Ancestral Rockies and deposited as alluvial fans along a
continental margin (Martin, 1965) The result was nonmarine sedimentation that
occurred 1n northeastern Colorado from the Triassic to early Cretaceous This

sedimentation deposited a sequence of aeolian, fluvial-deltaic, and lacustrine units
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known as the Lyons, Lykins, Ralston Creek, Morrison, and Dakota Formations (Figure

’ ‘ 3-4) (Kent, 1972)

The Pierre Shale, consisting of more than 5,600 feet of shales and siltstones,
was deposited 1n the final phases of oceanic sedimentation The sedimentation
resulted from the last oceanic transgression occurring 100 million years ago during
the late Cretaceous This transgression formed an epicontinental sea called the
Cretaceous Seaway that covered the eastern poruons of New Mexico, Colorado, and

Wyoming

Following deposition of the Pierre, the ocean began to regress and deposition
of the Upper Cretaceous Fox Hills and Laramie Formations occurred These
formauions contain sandstones, siltstones, claystones, and coals deposited 1n fluvial-
deltaic and lacustrine environments (Wermer, 1973) Deposition of the Laramie was
influenced and then stopped by the Laramide Orogeny, a major mountain building

. event that began in the late Cretaceous and caused uplift of the Colorado Front

Range Mountains and the eastward tilting of the Denver Basin

The Upper Cretaceous Arapahoe Formation was deposited on an erosional
surface marking the end of deposition of the Laramie Major uplift of the Front
Range and downwarp of the Denver Basin continued during deposition of the
Arapahoe Formation Coarse pebble conglomerate lenses deposited in alluvial fans
commonly occur 1n the Lower Arapahoe, however, conglomerate lenses have not been
found at Rockv Flats Plant Claystone and sandstone units flank and top the alluvial

fan deposits (Weimer, 1973)
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The Denver Formation was deposited above the Arapahoe and 1s over 600 feet
‘ thick This formation contains a variety of lithologies including siltstones, arkoses,

conglomerates, and basalt flows (near Golden, Colorado) (Robson, 1984)

The Dawson Formation was deposited above the Denver 1n a similar geologic
environment during the late Cretaceous and early Tertiary Robinson (1972)
described the Dawson Formation as a stratigraphic equivalent to the Denver
Formation 1n southern portions of the Denver Basin However, Robson (1984) mapped
the Dawson as a separate, younger (Tertiary) formation occurring above the Denver
The Dawson 1s up to 600 feet thick and consists of conglomerates, sandstones, and

shales (Robson, 1984)

The Tertiary Green Mountain Conglomerate was deposited unconformably on
the Denver Formation, and consists of conglomerates, sandstones, siltstones, and
claystones deposited by a local fluvial system that occurred only in the Golden,

' Colorado, area This unit 1s only found capping Green Mountain, approximately 15

miles south of Rocky Flats Plant (Costa and Bilodeau, 1982)

The Rocky Flats Alluvium was deposited on top of a major erosional surface
that developed 1n late Tertiary time Before deposition of the Rocky Flats Alluvium,
both the Dawson and Denver Formations were completely removed by erosion The
Green Mountain Conglomerate may never have been deposited at the site, but if it
was, 1t also was removed by erosion The Rocky Flats Alluvium contains boulders,
cobbles, gravels, sands, silts, and clays deposited in alluvial fans at the base of the

Colorado Front Range Mountains (Hurr, 1976)
Following deposition of the Rocky Flats Alluvium, the material was partially

removed by erosion and the resulting drainages repeatedly infilled with more recent
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sediments The Verdos Alluvium and the younger Slocum Alluvium are the result of

| ‘ drainage 1nfilling associated with glacial activity Similar processes are occurring
now with an active valley fill alluvium 1n the stream channels and a recent but stable

terrace above the valley fill

332 Plant Bedrock Geology

Bedrock units mapped at the Plant consist of the Laramie and Arapahoe
Formations (Rockwell International, 1986a) These are shown 1n cross section i1n
Figure 3-5 Because of the thickness (750 to 800 feet) and low permeability of the
Upper Laramie, 1t 1s considered to be the base of the hydrologic system which could
be affected by Plant operations (Hurr, 1976) The Upper Laramie and overlying

Arapahoe Formations are described below

‘ Laramie Formation

The Laramie Formation 1s a fluvial sequence of sandstones, siltstones,
claystones, and coals, which 1s subdivided into two major lithologic units a lower
sandstone unit and an upper claystone unit The lower sandstone unit 1s exposed in
clay pits west of the Plant, and the upper claystone unit was observed 1n outcrop and
in cores of several 1986 monitor wells west of the Plant The descriptions presented

below are taken from Rockwell International (1986a)

Lower Sandstone Unit The lower sandstone unit consists of light to medium gray,
very fine- to medium-grained, well sorted, subrounded to subangular quartzose

sand with up to 25% lithic fragments Sandstones are typically fair to poorly
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indurated and cemented with silica Individual sandstone beds are 5 to 15 feet
thick and are interbedded with white to Light gray claystones The
claystones are organic-rich and kaolinitic and have been mined from the clay
pits west of the Plant Individual claystone beds are 10 to 15 feet thick
Sedimentary structures observed in outcrop include planar, angular, and trough
crossbeds, load structures, fluid escape structures, and ripple marks Plant
fossil casts and molds of branches, stems, and leaves are concentrated along
bedding planes The contact between the lower sandstone unit and the upper
claystone unit 1s gradational and was selected where thick sandstone beds and

kaolinite-rich claystones are less abundant

Upper Claystone Unit The upper claystone unit consists primarily of dark olive gray

(5 Y 2/1) (GSA Rock Color Chart), poorly indurated claystones Upper
Laramie claystones generally weather to a light olive gray (5 Y 4/1) and may
have dark yellowish orange (10 YR 6/6) iron staining along bedding planes
and secondary fractures These claystones appear quite similar to Arapahoe

claystones 1n outcrop

Thin sandstone lenses (less than three feet thick) also occur i1n the upper
Laramie These sandstones are typically yellowish gray (5 Y 8/1), fine- to very
fine-grained, well sorted, subangular, and calcareous Core data (well 50-86)
indicate that thin beds of white, kaolinite-rich claystone typical of the Lower

Laramie occur 1n the Upper Laramie as well

The contact between the Upper Laramie claystones and the Lower Arapahoe

sandstones 1s gradational and was selected using core data The contact was picked

the first Arapahoe sandstone greater than five feet thick (Rockwell
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International, 1986a) This 1s consistent with the stratigraphic horizon picked as the

‘ base of the Arapahoe Formation at Rocky Flats Plant by Hurr (1976, 1985)

Arapahoe Formation

The Arapahoe Formation consists of fluvial claystones with interbedded
lenticular sandstones and siltstones Contacts between these lithologies are both sharp
and gradational The claystones are olive gray (5 Y3/2) to dark gray (N 3/0), poorly
indurated, silty, and contain up to 15 percent organic material Weathering has
penetrated from 10 to 40 feet into bedrock The weathered claystone 1s light olive
gray, blocky, slightly fractured, and has iron staining as mottles and along bedding

planes and fractures (Rockwell International, 1986a)

Sandstones i1n the Arapahoe Formation are light gray (N 6/0) to yellowish gray
(5 YR 8/1), very fine- to medium-grained, with approximately 15 percent silt and
| ‘ clay The sandstones are lenticular, discontinuous, and stratigraphically complex
The sand grains are subangular to subrounded and are predominantly quartzose with
10 percent lithic fragments The sandstones are poorly to moderately cemented and
exhibit ripple marks, load casts, and planar, angular, and trough crossbedding
Arapahoe Formation siltstones exhibit the same coloration, constituents, bedding
characteristics, and sedimentary structures as the sandstones, however, they consist

predominantly of silt-sized particles (Rockwell International, 1986a)

333 Plant Surficial Geology

There are six distinct Quaternary unconsolidated units of surficial materials 1n
the vicinity of the Plant Rocky Flats Alluvium, Verdos Alluvium, Slocum Alluvium,

terrace alluviums, valley fill alluvium, and colluvium (Figure 3-6)
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The Rocky Flats Alluvium 1s topographically the highest and the oldest of the

‘ alluvial depostts The alluvium unconformably overlies the Laramie and Arapahoe
Formations 1n the vicinity of the Plant The deposit 1s a series of laterally coalescing

alluvial fans deposited by streams (Hurr, 1976) The fans were deposited on an ero-

sional surface cut into the bedrock units, including channelization around the

hogbacks of the lower Laramie

The alluvium consists of sand, clay, silt, gravel, cobble, and occasional boulder
deposits Locally, the alluvium 1s cemented with calcium carbonate in the form of
caliche Color of the alluvium 1s pale to dark yellowish brown The sands range
from very fine-grained to medium-grained and poorly to moderately sorted The
thickness of the alluvium 1s variable due to deposition on an erosional surface and
recent erosional processes The alluvium 1s thickest to the west of the Plant, where
less has been eroded, and thinnest to the east of the Plant (Rockwell International,

1986a)

Various alluvial deposits occur topographically below the Rocky Flats
Alluvium 1n the drainages and include the Verdos, Slocum, terrace, and valley fill
alluviums and colluvium (Figure 3-7) These deposits are primarily composed of
reworked Rocky Flats Alluvium with the addition of some bedrock material Each

unit 1s described below

‘ WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 PAGE 3-16



YEARS
petore [EPOCH GLACIAL SEQUENCE DEPOSIT
preser ]
1000 w Gannett Peak Stadec T } c A
i »  post-Piney Creek Alluvium| =
2000 o interstade [T Gon| 2
> =
) Piney Creek Alluvium =
3000 3 Temple Lake Stade * = :,
5000 o s (Soil) §
T Altithermal Intervai * pre-Piney Creek Alluvium | >
12,000 T (Soi) ?
/2]
Q
cl =
Pinedale Glaciation g Broadway Alluvium S| 38
= H s &
P-4 = =] °
60,000 o < CRE:
9 3 ol g
Q < 3 = k-]
u |3 5 3| §
2 Bull Lake Glaciation - S| @
w Louviers Alluvium 3l e
2]
130,000 o 5
o ™~ :
- Sangamon Interglaciation (Soil) s
n N
250,000{ ~— o~ ]
w Slocum Alluvium 9
- —_———
Q. ILLINOIAN ~
600,000 Yarmouth Intergiaciation (Sol) T
Verdos Alluvium N
1,000,000 KANSAN
Aftonian Interglaciation (Soil) | o
[
Rocky Flats Alluvium o
1,500,000 NEBRASKAN o~
Pleistocen
o?c ¢ Pre-Rocky Flats Alluvium
PHocene Y '

(atter Van Horn, 1976, and Scott, 1968)

Figure 3-6: SURFICIAL ALLUVIAL DEPOSITS IN THE ROCKY FLATS AREA
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The Verdos Alluvium occupies a topographic position about 0 to 100 feet

‘ below the adjacent top of the Rocky Flats Alluvium The Verdos was deposited
around the periphery of the present extent of the Rocky Flats Alluvium as fans and

channel filling derived by erosion of the older Rocky Flats Alluvium The maximum

thickness 1s about 40 feet, occurring as terraces in valleys east of the Plant The

alluvium consists of unsorted gravels, sands, and clays similar to the Rocky Flats

Alluvium, but the material 1s whitish gray 1n color (Rockwell International, 1986a)

The Slocum Alluvium 1s a poorly sorted gravel deposit containing much sand,
stlt, and clay derived from erosion of bedrock and the older gravel deposits The
formation has a maximum thickness in the vicinity of the Plant of about 20 feet, but
1s commonly 5 to [0 feet thick It occupies a topographic position of about 150 to 300
feet below the top of the Rocky Flats Alluvium, and occurs downslope of the Verdos

Alluvium 1n valleys east of the Plant site (Rockwell International, 1986a)

‘ Locally, two Wisconsin-age terraces are associated with the present drainages
The terrace alluvium occurs 5 to 35 feet above recent valley floors The alluvium 1s
comprised of gravels, sands, and clays, derived from bedrock and reworking of older
alluvial deposits The terrace alluvium can rarely occur up to 30 feet in thickness,
however, the thickness 1s usually around 5 feet The alluvium occurs 1n valleys

surrounding the Plant (Rockwell International, 1986a)

Valley fill alluvium occurs 1n the bottom of the present stream valleys around
the Plant The valley fill ranges from dark-brown, sandy, clayey stlt to moderately
sorted cobbles and small boulders, recently reworked from previously deposited
alluviums The valley fill along streams which head on the Rocky Flats Alluvium
and have not yet cut through to bedrock tends to be coarse and have little or no fine
material However, where the valley fill 1s deposited on bedrock, 05 to 2 feet of
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cobbly sand and gravel commonly 1s overlain by several feet of sandv, clayev silt
‘ (Rockwell International, 1986a) Subsequent erosion and deposition locally may have
added more sand, gravel and cobbles on top of the silt, or cut through the valley fill

to expose bedrock along the channel bottom (Hurr, 1976)

Colluvium, produced by mass wasting and downslope creep, collects on the
sides and at the base of hills and slopes These deposits are poorly sorted mixtures of
soil and debris from bedrock clay and sand mixed with gravel and cobbles derived
from the older Rocky Flats Alluvium The colluvium consists predominantly of clay
with common occurrences of sandy ctay and gravel Color 1s yellowish brown to
dusky brown and caliche 1s common locally The thickness of the colluvium ranges

from 3 to 22 feet (Rockwell International, 1986a)

334 Regional Bedrock Structure

. The general geologic structure of the area is north-striking sedimentary beds
with dips to the east away from the Front Range Monocline Dips are quite steep
west of the Plant in the Fox Hills Sandstone and Laramie Formation (on the order of
50 degrees or greater) These units are flanked on the west by Precambrian terrain of
the Front Range Uplift and on the east by gently dipping sedimentary beds of the
Denver Basin However, because the axis of the monocline onto the Front Range
appears to be inclined to the east, dips become rapidly more gentle, on the order of 7
to 15 degrees beneath the Plant itself (Rockwell International, 1986a) A major
bounding fault between the Front Range and the Denver Basin, the Golden Fault,

runs north-south several miles west of the Plant at the mountain front (Figure 3-3)

The majority of the displacement on the Golden Fault, the uplift of the Front

Range and subsidence of the Denver Basin, occurred during the late Cretaceous to
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early Eocene Laramide Orogeny about 40 to 70 million years ago (Martin, 19635)
‘ Erosion during the Laramide Orogeny 1s believed to have kept pace with uplift and
the Front Range probably never stood very high above the Denver Basin during the
orogeny By the late Eocene, an erosional surface of low relief covered much of the

Rocky Mountain Region

The mountains west of the Rocky Flats Plant are the result of Post-Laramide
tectonics and erosion About 5,000 to 10,000 feet of uplift has taken place in the
Rocky Mountain Region since the early Miocene about 25 million years ago Late
Tertiary block faulting 1s believed to have accompanied the regional uplift as
indicated by apparent displacements of the late Eocene erosional surface (Scott, 1975
and Epis and Chapin, 1973) There 1s some evidence that block faulting has
continued into the Quaternary (Scott, 1970, Whitkind, 1976, and Kirkham and Rogers,

1981)

‘ In 1981, extensive studies were done to evaluate the Quaternary history of the
Golden Fault and other faults at the Rocky Flats Plant and vicinity (Dames and
Moore, 1981) The Golden Fault studies did not produce any evidence of tectonic
activity along the Golden Fault within the past 500,000 years, and the fault does not

have surficial expressions characteristic of geologically young fault zones

Hurr (1976) showed a fault crossing the eastern edge of the Plant, based on a
series of bedding irregularities that appeared to be an extension of the previously
mapped Eggleston Fault (northwest of the site) Further investigations of the feature
(Dames and Moore, 1981) revealed that it 1s probably a penecontemporancous growth
fault attributed to slumping of the unconsolidated Arapahoe Formation before burial
and lithification The Denver Basin has been tectonically stable for about 28 million
years with the exception of a series of earthquakes associated with waste injection at
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the Rocky Mountain Arsenal 1n the 1960s and possible surface rupture on the Golden

‘ Fault approximately 600,000 years ago (Kirkham and Rogers, 1981)

34 REGIONAL GROUND-WATER HYDROLOGY

There are two hydraulically connected ground-water systems at the Rocky
Flats Plant These systems occur in the surficial material (Rocky Flats Alluvium,
colluvium, and valley fill material) and the underlying bedrock formations (Laramie-
Fox Hills Formations and the Arapahoe Formation) These are discussed individually

below

341 nconfined Surficial Flow tem

Recharge/Discharge Conditions

. The shallow ground-water flow system occurs 1n the Rocky Flats Alluvium and
other surficial materials under unconfined conditions The alluvium 1s recharged by
infiltration of incident precipitation, irrigation, and surface water diversion canals
(primarily through the Rocky Flats Alluvium) In addition, the retention ponds in the

various drainages recharge the valley fill alluvium

The shallow system appears to be quite dynamic, with large water level
changes in response to seasonal and other stresses Hurr (1976) describes the rapid
response of water levels 1n wells completed 1n the Rocky Flats Alluvium to irrigation
Similarly, there are several 1986 and 1987 wells which contain water during the

spring months (April through June) which are dry 1n the late summer and fall
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Ground-Water Flow Directions

Flow directions follow topography to the east and toward the drainages In
addition, flow directions are controlled by the configuration of the top of bedrock
beneath surficial materials The ground water in the drainages flows to the east in
the valley fill materials and discharges as subsurface flow across the eastern Plant
boundary during some portions of the year In addition, water in all of the surficial

materials recharges the bedrock to small extent

342 Bedrock Flow Systems

The Denver ground-water basin underlies a 6,700 square mile area extending
from the Front Range on the west to near Limon, Colorado on the east and from
Greeley on the north to Colorado Springs on the south The four major bedrock units
from deepest to shallowest are the Laramie-Fox Hills, the Arapahoe, the Denver, and
the Dawson The Pierre Shale underlies these units and 1s considered the base of the
Denver Basin bedrock aquifer system due to its great thickness (up to 8000 feet) and

1ts low permeability (Robson and others, 1981a)

Presented below are discussions of the two Denver Basin bedrock aquifers
which occur beneath Rocky Flats Plant - the Laramie-Fox Hills and the Arapahoe

The Denver and Dawson do not occur 1n the vicinity of Rocky Flats Plant

Laramie- 11l

The Laramie-Fox Hills Aquifer 1s composed of the upper sandstone and

siltstone units of the Fox Hills Formation and the lower sandstone units of the
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Laramie Formation The thickness of the aquifer ranges from zero near the aquifer
boundaries to 200 to 300 feet near the center of the basin The upper Laramie coals
and claystones separate the Laramie-Fox Hills sandstones from the overlying

Arapahoe sandstones (Robson and others, 1981b)

On a regional scale ground-water in the Laramie-Fox Hills Aquifer flows from
outcrop recharge areas toward the center of the basin and discharges to remote stream
valleys Ground-water recharge from the overlying Araphoe to the Laramie-Fox Hills
1s neghigible due to the thickness and low permeability of the upper Laramie
claystone (Robson, 1987) Ground water discharges to pumping wells 1n the basin
(Robson and others, 1981b) In the vicinity of Rocky Flats Plant ground-water flow

1s generally from the west to the east

Arapahoe

The Arapahoe Aquifer 1s defined as the saturated portion of the Arapahoe
Formation by Robson and others (1981a) The Arapahoe Formation consists of a 400
to 700 foot thick sequence of interbedded claystones, siltstones, sandstones, and
conglomerates with claystones and shale being more prominent in the northern third
of the basin (Robson and others, 1981a) Individual sandstone beds are commonly
lens shaped and range from a few inches to 30 to 40 feet in thickness (Robson and
others, 1981a) Beneath the Plant the majority of ground-water flow in the Arapahoe
1s 1n  the lenticular sandstones contained within the claystones (Rockwell

International, 1986a)

There are two primary methods of recharge to the Arapahoe In outcrop and
subcrop areas, 1t occurs from infiitration of incident precipitation and as infiltration
of water from alluvial materials However, on a regional scale the primary recharge
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mechanism for the Arapahoe 1s leakage from the overlying Denver (Robson and

others, 1981a)

Ground-water flow 1n the Arapahoe 1s from recharge areas at the edges of the
basin toward discharge areas along incised stream valleys Ground-water 1s also
discharged to pumping wells (Robson and others, 19812) Ground-water flow 1n the
vicinity of Rocky Flats Plant 1s from west to east toward the area of regional

discharge along the South Platte River

35 SURFACE WATER HYDROLOGY

351 Natural Drainages

Three ephemeral streams drain the Rocky Flats Plant with flow generally from
west to east (Figure 3-8) Rock Creek drains the northwestern corner and flows to the

northeast 1n the buffer zone to 1ts off-site confluence with Coal Creek

A topographic divide bisects the Plant The divide trends east-west and lies
slightly south of Central Avenue (the approximate center line of the Plant site) An
interceptor ditch lies between the Plant and the southern drainage Woman Creek The
South Interceptor Ditch is tributary to the "C" Ponds Surface runoff downstream of
the interceptor ditch 1s tributary to Woman Creek, which flows eastward to Standley
Lake An irrigation ditch headgate located i1n the northeast quarter of the northwest
quarter diverts water from Woman Creeck and conveys 1t to a small reservoir known as
Mower Reservoir North and South Walnut Creeks and an unnamed tributary drain
the remainder of the Plant These three forks of Walnut Creek join 1n the buffer

zone (approximately 0 7 miles downstream of the eastern edge of the Plant security
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area) and flow to Great Western Reservoir approximately one mile east of the

. confluence of the forks

352 Ditches and Diversions

The Church and McKay ditches cross the northern portion of the Plant Both
carry water diverted from Coal Creek to Great Western Reservoir A diversion
structure has been built in North Walnut Creek upstream of the Plant to divert
McKay ditch out of the drainage The ditches parailel each other north of the
present landfill and enter the Walnut Creek drainage downstream of the confluence

of the north and south forks

In addition to the natural flows, there are six ditches 1n the general vicinity of
the Plant The Church, McKay, and Kinnear Ditch and Reservoir Co Ditches
(diversions of Coal Creek) cross the Plant Church Ditch delivers water to Upper

‘ Church Lake and Great Western Reservoir (City of Broomfield municipal water
storage) McKay Ditch also supplies water to Great Western Reservoir Kinnear
Ditch and Reservoir Co Ditch diverts water from Coal Creek and delivers it to
Standley Lake (municipal water storage for the City of Westminster) via Woman
Creek Woman Creek also delivers water to Mower Reservoir Last Chance Ditch
flows south of the Plant and delivers water to Rocky Flats Lake and Twin Lakes
Smart Ditch takes water from Rocky Flats Lake and transports it out of the area to
the east The South Boulder Diversion Canal runs along the western upgradient edge
of the Plant diverting water from South Boulder Creek and delivering 1t to Ralston

Reservoir (City of Denver municipal water storage)
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‘ 353 Retention Ponds and Plant Discharges

A series of dams, retention ponds, diversion structures, and ditches has been
constructed at the Plant to control surface water and limit the potential for release of

poor quality water

The ponds are located 1n the drainages of Walnut and Woman Creeks and are
designated the A, B, and C series ponds Discharges from the downstream pond 1n
each series are in accordance with the Plant’s National Pollution Discharge
Elimination System (NPDES) permit Ponds A-1 and A-2 are used only for sp:ll
control, and North Walnut Creek stream flow 1s diverted around them through an
underground pipe Pond A-3 receives the North Walnut Creek stream flow and Plant
runoff from the northern portion of the Plant Pond A-4 is designed for surface

water control and for additional storage capacity for overflow from pond A-3

Five retention ponds are located along South Walnut Creek and are designated
as B-1, B-2, B-3, B-4, and B-5, from west to east Ponds B-1 and B-2 are reserved for
spill control, whereas pond B-3 receives treated effluent from the sanitary sewage
treatment plant Ponds B-4 and B-5 receive surface runoff and occastonally collect
discharge from pond B-3 Pond B-5 receives runoff from the central portion of the
Plant and 1s used for surface water control 1n addition to collection of overflow from

pond B-4

The two C series ponds, C-1 and C-2, are located along Woman Creek, south
and east of the Plant, respectively Pond C-1 receives stream flow from Woman
Creek This flow 1s diverted around pond C-2 into the Woman Cre¢k channel

downstream Pond C-2 receives surface runoff from the South Interceptor Ditch
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along the southern portion of the Plant Water in pond C-2 1s discharged to Woman

Creek 1n accordance with the Plant NPDES permit

There are many runoff control ditches within the Plant security area The
largest of these 1s the Central Avenue Ditch which runs eastward along Central
Avenue and discharges to South Walnut Creek (Pond B-5) The other major runoff
control ditch 1s the South Interceptor Ditch which prevents runoff from the south
side of the Plant from entering Woman Creek The ditch discharges to pond C-2, and
Woman Creek 1s diverted around pond C-2 by a diversion structure just upstream of

the pond

Another retention pond 1s located on the unnamed northern tributary of
Walnut Creek, downstream of the present landfill Following water quality analyses,
the water from the landfill pond 1s spray irrigated onto an area south of the tandfill

but upstream of the pond

The permit requires monitoring of specific parameters at seven discharge

points The permitted discharges are

Discharge Location
001 Pond B-3
002 Pond A-3
003 Reverse Osmosis Pilot Plant
004 Reverse Osmosis Plant
005 Pond A-4
006 Pond B-5
007 Pond C-2
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The discharges from the ponds are regularly monitored to document

‘ compliance with NPDES permit requirements In addition to NPDES monitoring

requirements, all discharges are monitored for plutonium, americium, uranium, and

tritium concentrations
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SECTION 4

‘ SOIL CHARACTERIZATION

This section presents soil chemistry data from historical and recent
investigations conducted at the West Spray Field The purpose of this section 1s to
characterize the nature and extent of any soi1l contamination that resulted from spray
application of liquids from the solar ponds The section begins with a summary of
the characteristics of the solar pond and interceptor trench pump house (ITPH)
liquids and sediments as this material 1s the source of any contamination present in
the West Spray Field Appendix D contains the 1988 soils analytical data for the West
Spray Field and Appendix E presents the pre-1988 analytical results for the West

Spray Field and Buffer Zone soils, and the application liquids

41 APPLICATION LIQUIDS CHARACTERISTI
The West Spray Field was used for spray application of excess liquids from
‘ solar pond 207B north and solar pond 207B central from April, 1982 to October, 1985
The majority of the liquid in the ponds came from the ITPH with pond 207B center
also receiving some treated sanitary effluent To characterize the waste composition
in these Solar Evaporation Ponds, numerous analyses of pond liquids have been
conducted Table 4-1 summarizes two sets of metal analyses of Pond 207B North and
Center liquids performed in October, 1984 and April, 1985 Table 4-2 summarizes
weekly parameter monitoring of Ponds 207B North and Center liquids performed in
1984 and 1985 These weekly analyses were conducted prior to the spray application
of the liquids to the West Spray Field and included the following parameters pH,

Nitrate (as Nitrogen), Gross Alpha, and Gross Beta
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TABLE 4-1

TWO SETS OF METAL ANALYSES OF
PONDS 207-B NORTH AND CENTER LIQUIDS
OCTOBER 1984 AND APRIL 1985

Proposed Pond 207-B North Pond 207-B Center
Element Concentration (mg/1) (mg/1)

Limit (mg/1) 1984 1985 1984 1985
Aluminum 50 1 0 16 2 0 15
Boron NA 0 31 0 29 0 24 0 67
Calcrum NA 20 0 290 29 45 ¢
Cesium 0 o2v ND ND 0 041 ND
Copper 10 ND NO 0 016 0 37
Iron 03 0 28 0 29 02 074
Lead* 05 0 0035 ND 0 002 ND
Lithium 25 35 0 37 0 41 0 52
Manganese 0 05 ND ND 0 081 0 022
Magnesium NA 87 0 120 jo9 130
Molybdenum 01 0 0069 ND 0 016 0 037
Nickel ND ND 0 016 0 15
Phosphorous NA ND ND 02 0 074
Potassium NA 82 0 120 0 300 36 0
Selenium* 0 01 0 01 0 02 ND ND
Silicon NA 56 21 2 4 55
Silver* 0 05 ND 0 082 0 0016 0 015
Sodium NA 370 0 620 00 67 0 250 00
Strontium 0 154 s 12 0 28 0 52
Tritium (pCi/1) 20000 0 069 ND 0 022 0 041
Vanadium 01 ND NO 0 0081 ND
linc 50 ND ND 0 041 ND
Zirconium NA ND ND 0 0041 ND
KD = Not detected - Concentration below detection Timit
* Denotes SDWA metal
Metals not detected* Antimony, Arsenic, Barium, Beryllium,

Bismuth, Cadmium, Chromium, Cobalt, Germanium, Mercury, Niobium,
Rubidium, Silicon, Tantalum, Tellurium, Thallyum, Thorium, Tin,
rantum, Wolfram

Reference U S DOE, 1987, West Spray fField Sampling Plan  Rocky
Flats Plant, February 27, 1987
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TABLE 4-2

‘ SUMMARY OF WEEKLY PARAMETER MONITORING
PONDS 207-B NORTH AND CENTER LIQUIDS
1984 AND 1985

--------------- Range----------=~---w--
Analysis Pond 207-B North pond 207-B Center
pPH 7.5-9.6 7.3-11.3
Nitrates (as N) 335-1367 ND-15 6
(ppm) Average: 629 Average: 4.7

(0/71) (30/77)
Gross Alpha ND-323(33) ND-59(23)
(pC1/1) Average: 144 Average: 24

(2/71) (45/77)
Gross Beta ND-163(25) ND-73(0)
(pC1/1) Average: 63 Average: 30

. (13/71) (60/77)

ND indicates 1less than detection limit or 1less than
error limit.

Average presented i1s for reported concentrations greater
than the detection limits

Values 1n parentheses indicate counting uncertainty.

Fraction represents number of non-detectable
samples/total number of samples.

Reference: U.S. DOE, 1987, West Spray Field Sampling Plan, Rocky
Flats Plant, February 27, 1987
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In 1986, additional sampling of the liquids from Pond 207B North and the

‘ ITPH was conducted This field work was conducted as a result of the US EPA
request for information regarding active and inactive waste management units These

samples were analyzed for metals (Table 4-3), radionucliides (Table 4-4), and volatile

organic compounds (Table 4-5)

The data from the 1984 and 1985 sampling efforts suggest that the applied
liquids contained low concentrations of metals Cesium, iron, lithium, manganese,
selenium, silver, and strontium were each reported occasionally above the ground-
water proposed concentration limit (Table 4-1) The samples also exhibited elevated
levels of nitrates, gross alpha, and gross beta (Table 4-2) (See Section E-8 of the Post-
Closure Care Permit for a discussion of the proposed concentration Limats) In the
samples collected from the ITPH and 207B Pond during the 1986 sampling, very few
metals were 1dentified above the detection limit (Table 4-3) Selenium was the only

‘ primary drinking water metal detected above the US EPA Contract Laboratory
Program (CLP) contract required detection limit (CRDL) Gross beta and uranium
occurred 1n pond 207B north samples and 1n the ITPH Liquid samples above the
proposed concentration limit Plutonium, americium, gross alpha, and tritium were

below the proposed concentration limits (Table 4-4)

Various volatile organic compounds were detected in the hiquid samples from
the 207B Ponds and the ITPH (Table 4-5) Methylene chloride was detected 1n all
three samples collected from Pond 207B and ranged from 19 to 35 ug/l1 It was also
detected 1n two of the samples analyzed from the ITPH (10 and 15 ug/l) However,
methylene chloride was also present in the sampling blank at a concentration of 71
ug/! for the 207B samples and at 99 ug/l for the ITPH sampling blank, and therefore

these detections appear to be the result of laboratory contamination Chloroform,
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TABLE 4-3

. SUMMARY OF T.TQUTINS ANAT.YSTS
POND 207-B NORTH AND INTERCEPTOR TRENCH PUMP HOUSE (ITPH)
METALS DATA

Metal Proposed Anaiytical Results (ug/1)
Concentration Pond 2078 1TPH
Limits (ug/l)

Barium 1000 220 188-220
Calcium NA 990-19800 240000-410000
Chromium 50 9 6-9
Copper 1000 6-14 5
Iron 300 20-90 100
Mercury 2 - 0 8-0 5
Magnes)um NA 407-72600 64000-100000
Manganese 50 15 5-13
Nickel 200 30-50 -
Potassium NA 110-62700 38000-108000
Selenium 10 ) 6-12
Silver 50 5.7 6-12
Sodium NA 330-451000 270000-520000
linc 5000 11-22 24-80
NOTE Summary of results of metals based on values reported
‘ above the detection limit Ranges compilied from four

samples collected 1n April, 1986, for Pond 207-8,
ranges for [ITPH from three samples collected April,
1986, 1 sampie 1n 1987, and 2 samples in 1988

- Indicates concentration below detection limit
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TABLE 4-4

RADTONUCT.IDF. DATA RANGE
ITPH AND POND 207-B NORTH

ITPH Liquid ° Pond 207-B North Proposed
Radionuclide Liquor ** Concentration
(pCi/1) (pC1/1) Limt (pCi/1)
Plutonium-239 0 05(0 08) - 0 84(0 40) -0 03(0 06) - 0 01(0 06) 40
Americium-241 -0 01(0 03) - 0 02(0 05) -0 02(0 04) - 0 08(0 08) 4
Uranium-233,234,238 42(5) - 110(4) 81(3) - 86(3) 40>
Gross Alpha
(excluding Uranium) -6(36) - 17(386) -12{55) - 39(47) 15
Gross Beta 40(14) - 120(40) -21(84) - 100(92) 50
Tritrum 1600 - 3400 1200(300) - 1300(300) 20,000
. Based on 3 samples 1n 1986, 1 sample 1n 1987 and 2 samples
n 1988
**  Based on 3 samplies 1n 1986
***  Total uranium
Values 1n parentheses indicate counting uncertainty
WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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carbon tetrachloride, and trichloroethylene were volatile organic compounds reported
at values above their detection limit and were not present in the sampling blank
These compounds were present in the liquid samples collected from the ITPH
Chloroform was present in two samples at 3 and 6 ug/l, carbon tetrachloride was
found 1n three samples at 7, 6, and 7 ug/l, and trichloroethylene was detected i1n three

samples at 7, 8, and 8 ug/I

In addition to the liquid sampling from the ITPH, two sediment samples were
collected from the pump house during the 1986 investigation Calcium was the only
metal significantly higher than the maximum background level (Table 4-5) The
method for determining the background concentration ranges 1s discussed in Section
421 Methylene chloride was the only volatile organic compound detected in the
ITPH sediments (27 and 44 ug/kg) (Table 4-6) It was also reported in the sampling

blank at 24 ug/kg and 1s therefore constdered to be laboratory artifact

No pesticides, or PCBs were found in the ITPH hquid and sediment samples
Semi-volatiles were not found in the ITPH and 207B North liquids Nitrates and

radionuclides were not analyzed for in the 1986 1nvestigations

It 1s concluded that nitrate and uranium are the only constituents of the
applied water that were consistently and significantly elevated relative to the
proposed ground-water concentration limits Therefore these constituents should be
the best indicators of soi1l (or ground-water) contamination that may have resulted

from application of water at the West Spray Field
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SUMMARY OF SEDIMENT ANALYSIS
FROM INTERCEPTOR PUMP HOUSE (ITPH)
METALS DATA 1986

TABLE 4-6

Metal Maximum Analytical Results (mg/kg)
Background ITPH ITPH
Concentration Seds Seds
(mg/kg) (4/23/86) (4/22/86)
Aluminum 9140 11600 10400
Calcium 2500U 10100 8290
Chromium 13 19 9
Copper 12u 17 15
Iron 12400 13200 8290
Lead 48 22 18
Magnesium 2500U 3050 2640
Manganese 337 242 197
Nickel 20U 22 23
Potassaium 2500U 2750 2400
Sodium 2500V 550 497
Vanadium 38 33 26
Zinc 49 85 76

NOTE: Values above reported for
above the detection limit.

metals concentrations
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42 SOIL CHEMISTRY
4 21 Background Soil Chemstry

Background metal and radionuclide concentrations 1in soils have been
developed based on 1986 sampling and analysis in the west buffer zone (an area
unaffected by spray application activities) {Figure 4-1) The top one foot of soil
(Rocky Flats Alluvium) west of the West Spray Field was sampled Eighteen locations
were pooled i1nto three composite samples (consisting of six cores randomly selected)
The sampling locations were chosen within a 400 foot diameter grid using 2 random
number generating table At each location, a surface scrape was collected using a
disposable plastic scoop In addition, two samples were collected from each location
from 0-6 inches and 6-12 inches below ground surface using a split tube sampler
driven with a sledge hammer to the desired depth Each sample interval from all of
the sampling locations were then composited resulting in three composite samples
from the three depths The same methodology was used for selecting the sampling
locations within the West Spray Field in 1986 Table 4-7 presents a summary of the
background soils data Sampling and analysis of soils from a single plot in the west
buffer zone 1s not considered a complete characterization of background alluvial and
bedrock materials, however, 1t serves as a basis for assessing potential contamination
At the present time the soils data presented in Table 4-7 are the only background soils
data available A plan 1s currently being developed to characterize the background
soils, surface water, and ground water at the Rocky Flats Plant Table 4-8 lists the
so1l sampling parameters for the West Spray Field and Buffer Zone and Tables 4-9,
4-10, and 4-11 presents the analytical results for metals, radionuclides, and volatile

organics, respectively
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TABLE 4-7

METAL AND RADIONUCLIDE CONCENTRATIONS IN BACKGROUND

Metals Concentration (mg/kg)
Aluminum 6,540 - 9,140
Antimony 41U

Arsenic 6 1U - 10

Barium 135U

Beryllium 3.4U

Calcium 2,500U

Cadmium 3.4U

Chromium (Total) 56 - 13

Cobalt 120 - 25

Copper 120

Iron 9,080 - 12,400

Lead 15 - 48

Magnesium 2,500U

Manganese 196 -337

Mercury 0.1U

Nickel 20U

Potassium 2,500U

Selenium 3.4U

Silver 5U

Sodium 2,500U

Thallium 6.8U

Tin 41U

Vanadium 30U - 38

Zinc 20 -49

Radionuclides Concentration (pCi/g)
Plutonium 0.01(0.10) - 0 10(0.20)
Americium -0.02(0.03) - 0.28(0.16)

Uranium-233+234
Uranium-238
Traitium

0.66(0.16) - 1.4(0.20)
0.62(0.16) - 1.2(0.2)
-70(220) - 280(270)

NOTES: (1)
collected

Background values based on nine
from the

composite
top one foot of

Alluvium 1n the West Buffer Zone

o~ —
=W N
~—
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Rocky Flats

"U" Indicates values less than detection limits
Values 1n parentheses indicate <ounting uncertainty
Tritium 1s in units of pCi/l of soil water
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TABLE 4-8

‘ 1986 SOIL SAMPLING PARAMETERS
WEST SPRAY FIELD AND BUFFER ZONE

Qrganics

Target Compound List - Volatiles
Target Compound List - Semi-Volatiles¥*

Metals

Target Compound List-Metals

Radionuclides

Gross Alpha
Gross Beta
Plutonium-239
Americium-241
Uranium-233,-234
Uranium-238

‘ Tritium

Other
RCRA Characteristics - Reactivity, Corrosivity (pH)
Ignitability
Total Cyanaide
Hexavalent Chrome
Sulfide
. WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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422 Site Soil Chemistr

Soi1l samples were collected during 1986 and 1988 to characterize the soil
chemistry in the West Spray Field The 1986 field investigation included taking soil
samples (one foot depth) from a plot in the West Spray Field Nine samples were
collected (Tabie 4-9 through 4-11) The 1988 sampling program consisted of digging
12 test pits with a backhoe and collecting three soil samples for chemical analysis
from each location at varying depths Table 4-12 lists the parameters for the samples
collected within the test pits These parameters were chosen due to the nature of the
operations at the Rocky Flats Facility and on the presence of certain analytes in the

apphied liquid waste and West Spray Field soils

As discussed herein, examination of the soil analyses indicates that the
concentrations of nitrate, mercury, and plutonium are above estimated background
concentrations 1n the West Spray Field soils Except for probable laboratory
contamination of the samples, volatile organic compounds (VOC) were not detected 1n
the 1988 test pit soil samples These general findings, including a discussion of

laboratory contamination, are specifically addressed in this section

Metals

Soil samples from the West Spray Field test pits were analyzed for lead and
mercury These metals were chosen because previous analyses had shown them to be
present in the spray application liquids (See sampling plan for test pit sampling,
Appendix A-1) The soil samples collected 1n the West Spray Field during the 1986
sampling were analyzed for the metals listed 1n Table 4-7 Mercury was not reported

above background 1n any sample analyzed from the 1986 sampling effort However,
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TABLE 4-12

. 1988 SOIL SAMPLING PARAMETERS
FOR TEST PITS
WEST SPRAY FIELD

QOrganics

Target Compound List - Volatiles Organics
Total Organic Carbon

Radionuclides

Gross Alpha
Gross Beta
Plutonium-239
Uranium-233
Uranium-234
Uranium-238

Qther

Nitrates
‘ Lead

Mercury

% Solids

Volatile Solids

l WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 PAGE 4-18




mercury was present in six samples collected from the test pits (Table 4-13) above the
background value of 01U (Table 4-7) The values ranged from 020 to 046 mg/kg In
addition, eight samples exhibited concentrations above the background value of 01U
(Table 4-7) but were estimated values since they were below the 881 Laboratory
detection limit These values range from 0 12J to 018J) (Table 4-13) Lead on the
other hand was not reported above the maximum background concentration of 48
mg/kg 1n any sample from the test pits The only occurrences of lead above the
maximum background standard were i1n two samples collected from the West Spray
Field 1n the surface scrape samples Composite sample 1D3 contained a concentration
of lead at 61 mg/kg and composite sample 2D3 contained 63 mg/kg This 15 unlikely
to be significant as lead was not clevated in the water applied to the West Spray
Field It 1s concluded that the soils are not contaminated with lead or mercury
Although mercury consistently appeared in the 1988 soil samples above the
background standard (0 1U), there does not seem to be a pattern relating the mercury
concentrations to a particular depth or area since mercury was reported 1n all but two
of the test pits and the depths from which the samples were collected ranged from 09
feet to 46 feet Furthermore, mercury randomly occurs in soil samples at these
concentrations throughout the Plant site which appears to be indicative of natural

background variations

Review of the additional metals data from the 1986 soil sampling effort,
indicate slightly elevated concentrations of aluminum, chromium, and zinc (Table 4-
9) Aluminum occurred in one sample (3F3) at a concentration of 10,600 mg/kg 1n the
composite sample collected at 6-12 inches below ground surface Chromium (14
mg/kg) was also reported shightly above the maximum background value (13 mg/kg)

in sample 3F3 Finally, zinc was found 1n two surface scrape compositc samples (1D3
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TABLE 4-13

METALS DETECTED ABOVE BACKGROUND VALUE
IN TEST PIT SOILS
WEST SPRAY FIELD 1988

Analyte

Sample No Depth Lead Mercury

(ft) (mg/kg) (mg/kg)
WSF0102 2.2 - 0 46
WSF0204 4 4 - 0.17J
WSF0202 2.2 - 0.13J
WSF0201 0.9 - 0.18J
WSF0305 4.7 - 0.15J
WSF0404 4 1 - 0.123
WSF0605 4.6 - 0.34
WSF0602 2.1 - 0.21
WSF0704 3.8 - 0.1443
WSF0702 2.0 - 0.17J
WSF0805 4.6 - 0.15J
WSF0902 2.0 - 0.20
WSF1004 3.5 - 0.34
WSF1102 2.0 - 0.23
NOTE: Background values established in West Spray Field

Buffer Zone Table (4-1)
Lead (15-48 mg/kg)
Mercury (0 1 U)

"-" Denotes reported value below the background
value.

J Denotes reported value estimated below the
detection limit.
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and 2D3) at 50 and 52 mg/kg All of these values are only slightly higher than their
respective background concentrations and are therefore not considered to be

contaminants of concern

It 15 concluded that natural variations in the soil chemistry could explain
variability 1n soil metal concentrations in the West Spray Field None of the metals
exhibit concentrations greater than twice the background values and therefore are not

considered to be indicative of contamination

Radionuclides

Radionuclides are analyzed by counting particles randomly emitted during
radioactive decay The rate of decay approaches some average rate for the material
as the counting period increases Because actual samples are counted for finite
periods of time, there will always be uncertainty associated with any measured value
Radionuclide concentrations are thus reported as a measured value plus or minus a
two standard deviation counting uncertainty (error term) This uncertainty 1s

indicated 1n parentheses immediately following the measured value

A determination that two radionuclide concentrations are different from each
other requires a statistical analysis 1ncorporating the uncertainty However,
radionuclide concentrations with error terms larger than their respective measured
value are not considered statistically different from the background values shown in
Table 4-9 because of the significant overlap of the probability distributions If the
measured value for a radionuclide falls within the background measured range, 1t 1s
not considered to be above background levels regardless of the error term This 1s the
basis for stating within this report that radionuclide concentrations are within

background ranges Similarly, if the measured value minus the error term of a
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sample 1s greater than the measured value plus the error term for the upper limit of
the background range, 1t can be considered to be statistically different from
background This leaves a range of measured values and error terms between these
two extremes, where without a statistical analysis, 1t cannot be definitely stated

whether the radionuclide concentration in the sample 1s different from background

Plutonium, americium, tritjum and uranium concentrations in soil samples
collected 1n 1986 from the West Spray Field and Buffer Zone met the above criteria

for being below background concentrations

Plutonium were found above background in several of the 1988 test pit soil
samples (Table 4-14) Plutonium concentrations were reported above background
ranging 1n concentration from 037(006) to 059(006) pCi/g The highest
concentrations are generally at the surface which indicates that plutonium was a
constituent of the water applied 1n this area and was rapidly attenuated from further
migration However, no soils at the West Spray Field exceed the EPA criterion of 20
pCi/g of plutonium These results appear to indicate uranium 15 not significantly

elevated 1n the soils of the West Spray Field

Nitrate

Nitrate was not analyzed in the 1986 soil samples Soil samples collected from
the test pits 1n 1988 however analyzed for nitrate (as nitrogen) Examination of the
soil nitrate data (Table 4-15) indicates that most of the concentrations of nitrate in
the samples were less than three times the detection himit (20 mg/kg) A total of five
samples exhibited concentrations greater than 60 mg/kg These samples were
WSF0704 (140 mg/kg), WSF0702 (150 mg/kg), WSF1002 (110 mg/kg), WSF1105 (80

mg/kg), and WSF1204 (420 mg/kg) Once again, there appears to be no distinct
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pattern correlating concentrations of nitrate with depth The samples containing the

. higher concentrations were collected from various depths within the pits

Organic Laboratory Contamination of Soil

The presence of Hazardous Substance List (HSL) organics in soil samples at
concentrations above detection limits 1s indicative of contamination provided that

these organics are not present in laboratory blanks associated with the samples
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) TABLE 4-14

‘ SUMMARY OF RADTOCHEMISTRY RESUT.TS ABOVE BACKGROUND
WEST SPRAY FIELD TEST PIT SOIL SAMPLES 1988

Sample No Depth Analyte (pCi/g)
P (£0) y233,234 5338 py239,240

WSF0101
WSF0301
WSF0401
WSF0402
WSF0404
WSF0501
WSF0502
WSF0704
WSF0801
WSF0902
WSF1002
WSF1201

- - 0.59(0.06)

- - 0.37(0.06)

wm
[
|

5 - - 0.50(0.06)

O NOWLWNOAENOOKE
N2 ONDOINKHULIWwWWO
|
|

NOTE: Background values established i1n West Spray Field Buffer
Zone (Table 4-1)
Uranium-233,-234 (u233,234, 0.66(0.16)-1.4(0.20) pCi/g
Uranium-238 (u238) 0.62(0.16)~1.2(0.2) pCi/g
Plutonium-239,-240 (pPu?39:240) 0 ,01(0.10)-0.10(0.20) pci/g

‘ Values i1n parentheses indicate counting uncertainty.

"=" Denotes reported value below the background value.
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CONCENTRATTON OF NTTRATE TN SOTT, SAMPLES FROM

TABLE 4-15

WEST SPRAY FIELD TEST PITS 1988

Sample No Depth (ft) Nitrate as Nitrogen
(mg/kg)
WSF0104 45 30
WSF0204 4.4 30
WSF0404 4.1 60
WSF0402 2.5 60
WSF0504 4.2 60
WSF0502 20 40
WSF0501 0.75 60
WSF0704 3.8 140
WSF0702 2.0 150
WSF1002 1.7 110
WSF1105 4 5 80
WSF1102 2.0 30
WSF1204 4.0 420
NOTE: Reported values for concentrations >20 mg/kg

(detection limit)
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However, the presence of an HSL organic 1n a laboratory blank and sample does not
necessarily 1mply laboratory artifact, 1f the concentration in the sample greatly
exceeded the laboratory blank concentration No analyses for laboratory blanks were
included with the volatile organics analytical results for the 1986 soil samples and
1988 test pit soil samples Therefore, 1t 1s not possible to evaluate whether the
detected concentrations of acetone, methylene chloride, trichloroethene, chloroform,
carbon disulfide, toluene, 1,1,1-trichloroethane, and 1,1,2-trichloroethane are
laboratory contaminants However, inspection of the data in Tables 4-11 and 4-16
indicate volatile organics are generally near or below detection limits In most cases,
concentrations of the organic compounds are estimated below the detection limit It
appears that organic contamination, although possible, 1s not of major significance in

the West Spray Field Area
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TABLE 4-16

. VOLATILE COMPOUNDS ABOVE DETECTION LIMITS
1988 SOILS DATA
WEST SPRAY FIELD TEST PITS

Sample No. Sample Acetone TCE Value
Depth (ft) Value (ug/kg) (ug/kg)
WSF0402 2.5 16 -
WSF0404 4 1 78 -
WSF0501 0 75 73 -
WSF0504 4.2 89 -
WSF0601 0 7 16 -
WSF0602 21 41 21
WSF0605 4.6 34 -
WSF0702 2.0 15 -
WSF0704 3.8 6J -
WSF0801 0.65 53 -
WSF0802 2.0 9J -
' WSF1105 4.5 33 -
WSF1201 0.5 - 23
WSF1202 2.0 30 -
WSF1204 4.0 6J -

NOTE: Reported values for concentrations above the detection
limit.

"-" Denotes reported value at the detection limit.

TCE=Trichloroethene
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SECTION §

SITE HYDROGEOLOGY

51 SITE GEOLOGY

Presented 1n this section are discussions on soils, hydrogeologic, and ground-
water quality data collected during the 1986 and 1987 West Spray Field 1nvestigations
The section begins with a detailed description of the soils (51 1), surficial (512), and
bedrock (514) geology including lithologies, thicknesses, and extent of materials
found at the West Spray Field Ground-water hydrology and water quality data are
discussed 1n Section 521 and 522 for surficial and bedrock flow systems,

respectively

Information for the discussion was obtained from previous studies, nine
monitoring well borehole logs, 12 test pits, and field mapping Plate 5-1 shows the
locations of all monitoring well locations at the Rocky Flats Plant, and Plate 5-2
presents monitoring well and test pit locations at the West Spray Field Geologic logs
and well completion data sheets for monitoring wells and test pit geologic logs are
presented 1n Appendix B and Appendix C, respectively Analytical data for soils and

ground water are presented 1in Appendix D and Appendix E, respectively

511 Soils Descriptions

The so1l 1n the West Spray Field 1s included in the Flatirons Soil series The
Flatirons Soil 1s described as a deep, well drained, strongly developed soil composed

of stony to gravelly and loamy material, and has been described by the Soil
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Conservation Service in the 1983 Golden Area Soil Survey (United States Department
of Agriculture, 1983) The soil occurs on high terraces and piedmonts The soi1l was
formed :n the Rocky Flats Alluvium, a calcareous, gravelly, cobbly and loamy
material Permeability of the soil 1s slow and runoff erosion 1s not considered a

hazard

Based on test pit logs, the A soil horizons at the West Spray Field range from
11 feet (WSF03, WSF06, WSF08, WSFO09) to 135 feet (WSF04) 1n thickness Plate 5-3
presents a fence diagram illustrating the soil zones within the test pits at the West
Spray Field This surface and upper part of the B horizon 1s described as dusky
brown (5 YR 2/2) [Geological Society of America - Rock Color Chart, 1984] gravelly,
cobbly, sandy loam that i1s moist to wet The zone 1s typically poorly to moderately
sorted with subrounded and subangular fine-graded to coarse-graded (Grain Size Scale
- American Geological Institute, 1982) gravels with occasional small cobbles Sand 1s
very fine-grained to trace medium-grained The contact with the B horizon 1s wavy

and sharp

The B horizon extends from 11 feet (WSFQ3, WSF06, WSF08, WSF(09) to 3 5 feet
in depth below ground surface (WSFO1, WSF06, WSF07) (Plate 5-3) This subsoil 15 a
moderate brown (5 YR 4/4) gravelly, sandy loam to sandy loam and gravel with small
zones of intense red and brown staining indicative of weathering Sand 1s generally
moderately sorted, subangular to subrounded, medium-grained to coarse-grained with
occasional fine-grained pockets Gravels are described as subrounded, fine-graded to
very coarse-graded pebbles and small to large cobbles with occasional small boulders
The gravels and sands are indicative of a short transport distance Clay occurs 1n the
matrix but mostly in pockets associated with the gravel The zone 1s generally moist

to saturated Some organic soil stringers from the A horizon above were noted in
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WSF02, WSFO03, WSF04, WSF05, and WSF06 The contact into the C horizon 1s

irregular and gradational and occurs from 30 feet to 35 feet 1n depth (Plate 5-3)

The C horizons extend from 25 feet (WSF03) to 52 feet (WSFO01) in depth
This zone consists of sandy loam or clayey loam and gravel or gravelly sandy loam
Colors range from lLight brown (5 YR 5/6) to moderate yellowish brown (10 YR 5/4)
with zones of red, brown orange or vellow staining The sand 1s typically medium-
grained, subangular to subrounded, moderately sorted, with some fine-grained and
coarse-grained sands Gravels are subrounded, moderately to poorly sorted, fine-
grained pebbles to large cobbles with occasional small boulders Clay zones of olive
gray are commonly associated with the gravel and cobbles The zone 1s generally
moist with occasional saturated zones Caliche stringers were encountered at 4 4 feet

in WSF06 just above a saturated zone

512 Surficial Geology

The West Spray Field Area, a pediment surface with little topographic relief
and gentle slope to the east, 15 capped by Rocky Flats Alluvium unconformably
overlying the Laramie Formation Plate 5-4 presents the distribution of surficial

materials based on interpretation of field mapping and borehole logs

513 Rocky Flats Alluvium

The Quaternary Rocky Flats Alluvium 1s the oldest and topographically
highest alluvial deposit at the Rocky Flats Plant It 1s Nebraskan in age (Scott, 1965)
and 1s situated at an elevation of approximately 5,950 to 6,000 feet above mean sea

level at the West Spray Field The Rocky Flats Alluvium 1s a series of coalescing
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alluvial fans deposited by braided streams (Hurr, 1976) The erosional surface
(pediment) on which the alluvium was deposited slopes gently eastward truncating the

Laramie Formation at the West Spray Field

The Rocky Flats Alluvium in the West Spray Field Area 1s described as a
generally poorly sorted, unconsolidated deposit of gravel, cobbles, and boulders with
clay, silt, and sand Colors of the alluvium range from moderate yellowish brown (10
YR 5/4) [Geological Society of America - Rock Color Chart, 1984] to moderate brown
(5 YR 4/4), In addition, shades of various browns, reds, olives, and grays are

interspersed throughout

The quartzite and granitic gravels, pebbles, cobbles, and boulders, predominant
1in the Rocky Flats Alluvium are poorly sorted and subangular to subrounded These
characteristics are indicative of materials transported short distances Zones of sand,

silt, and clay are interspersed throughout the gravels and cobbles

The grain size of the quartz and granitic sand encountered ranges from
occasional fine-grained to mostly medium-grained to coarse-grained The sandy zones

range 1n thickness from 05 feet (49-86) to 14 feet (48-86)

Cross sections A-A’, B-B’, and C-C’ (Plate 5-4) 1illustrate the Rocky Flats
Alluvium overlying the Laramie Formation In the well pair 51-86 and 52-86 (cross
section A-A’), thin silt and sand stringers within the Rocky Flats Alluvium can be
correlated In addition, a thin sand lens within the gravels can be seen in well 48-86
(46-60 feet) Well 49-86, however, contained a sand lens only one foot thick at 49 feet
below ground surface This pinching-out sand lens may be evidence of a cut and fill
channel deposit which would be characteristic of braided stream depositional

features
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Finally, cross section C-C’ shows the thinning of the Rocky Flats Alluvium to
the northeast The total thickness decreases from 98 feet thick in well 50-86 to 47

feet 1n well 45-86

514 Bedrock Geology

The Cretaceous Laramie Formation underlies surficial materials at the West
Spray Field Steeply dipping beds of the Fox Hills Sandstone and Laramie Formation
are found west of the West Spray Field These relatively steep dips are found near
the axts of the syncline flanking the Front Range uplift During field mapping of
the West Spray Field area i1n 1986, strike and dips were collected from Laramie
Formation outcrops west of the Plant in the clay pits The measured dip angles
ranged between 42 and 45 degrees with a dip direction of approximately N 80°E
Three wells were completed 1n various zones of the bedrock during the 1986 drilling

program

The Laramie Formation 1s a fluvial sequence of sandstones, siltstones,
claystones, and coals, which 1s subdivided i1nto two major lithologic units a lower
sandstone unit and an upper claystone unit The lower sandstone unit 1S exposed 1n
clay pits west of the Plant, and the upper claystone unit was observed i1n outcrop and

1n cores of several 1986 monitor wells west of the Plant

The Laramiec Formation in the West Spray Field area consists of claystone with
occasional zones of interbedded siltstones and sandstones Contacts between various

laithologies are both gradational and sharp
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5141 Laramie Formation Claystones

Claystone was the most frequently encountered lithology of the Laramie
Formation immediately below the Quaternary/Cretaceous contact (Plate 5-5) The
claystones are massive and blocky and occasionally contain interbeds of sands and

s1lt

Weathered bedrock was encountered directly beneath surficial materials in all
the monitoring| wells during previous investigations Weathering penetrates
approximately 31 feet (well 46-86) to 61 feet (well 52-86) into bedrock The
weathered claysfones generally range from light olive gray (5 Y 5/2) to medium light
gray (N 6/0) and medium gray (N 5/0) with moderate oxide staining of dark
yellowish orangd (10 YR 6/6) Stains may occur as banding or mottling Occasional
zones of sandstqne or siltstone interbeds up to 05 ft thick were encountered Iron
oxide concretionls, wood fragments, organic fragments, and abundant fractures with
associated limonjite stains were noted i1n wells 46-86, 48-86, and 52-86 In well 48-86 a

zone of 1ronstonk concretions was encountered from 812 to 822 feet

Unweath¢red claystone was encountered only in well 48-86 from 1215 feet to
126 9 feet and algain at 1315 feet to 1415 feet below ground surface The claystone
1s medium dark [gray (N 4/0) with a trace of silt and has very fine-grained sand beds
approximately 0|5 feet thick from 136 5 feet to 1415 feet A calcite filled fracture 1n
the claystone oc¢urred 1n the zone from 126 5 to 1269 feet Between the two zones of

claystone a 4 6-floot thick bed of sandstone was encountered
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5142 Laramie Formation Siltstones

Bedrock well 46-86 1s completed 1n Laramie Formation siltstone (Cross Section
B-B’, Plate 5-3) In addition wells 45-86, 46-86, 48-86, 49-86, 51-86, and 52-86
encountered shallow siltstones These siltstones range from 10 feet (49-86) to 430
feet (48-86) 1n thickness The siltstones are also encountered as thin sandy siltstones

or clayey siltstone interbeds 1n claystone and sandstone zones

Weathered siltstone 1s typically medium light gray (N 6/0) to light olive gray
(5 Y 5/2) with stains and mottles of dark yellowish orange (10 YR 6/6) Bed
thickness ranges from approximately one to eight feet with sandy siltstone or clayey
siltstone 1nterbeds one to three inches thick Iron nodules are occasional and
fractures abundant from 99 to 104 feet 1in well 48-86 and from 133 to 136 feet 1n well

52-86

Unweathered siltstone 1s typically medium lhight gray (N 6/0) to medium dark
gray (N 4/0) and has approximately 0 25-foot thick beds of sandstones or claystone
Bedding 1s convoluted and massive Coal occurs occasionally and carbonaceous

fragments are abundant

5143 Laramie Formation Sandstones

Bedrock wells 48-86 and 52-86 are completed in Laramie Formation Sandstones
with some interbedded siltstone zones Sandstones range from 08 feet (48-86) to 27
feet (52-86) 1n thickness (cross section A-A’, Plate 5-5) Weathered sandstone was
encountered i1n well 52-86, varying from light gray (N 7/0) to yellowish gray (5 Y

7/2) with dark yellowish orange (10 YR 6/6) staining or mottling The sandstone 1s
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generally composed of very fine-grained to medium-grained quartz sand with silica
cementation Silty sandstone and clayey sandstone 1s common Siltstone/sandstone
interbeds 03 to 08 feet thick, crossbedding, and cut and fill structures were
encountered from 118 to 123 feet in well 52-86 Bedding planes dipping 60-70° and
35-40° off horizontal were also encountered from 111 to 118 feet and 118 to 123 feet

in well 52-86, respectively

Unweathered sandstone was encountered i1n 46-86 and 48-86 ranging 1n
thickness from 07 to 11 feet These sandstones are generally composed of moderately
to poorly sorted, very fine-grained to medium-grained sand commonly with calcite
cementation Convoluted bedding and crossbedding 1s common, flaser bedding
characteristics were noted in 48-86 The sandstone may be silty or clayey with
occasional thin laminae of fine silt and clay The sandstone color typically ranged
from medium light gray (N 6/0) to medium dark gray (N 4/0) The thin sandstone
bed in well 46-86 at 1269 to 1276 feet was additionally described as dark greenish
gray (5 GY 4/1) 1n color Unweathered sandstone 1n well 48-86 occurred at 1513 to
153 feet and again at 197 to 208 3 feet Cross sections A-A’ through C-C’ reflect the

assumed 42 degree structural dip for the West Spray Field Area (Plate 5-5)

52 ROUND-WATER HYDROLOGY

Ground water occurs in Rocky Flats Alluvium and the underlying Laramie
Formation Ground-water flow in Rocky Flats Alluvium 1s unconfined, confined
ground-water flow exists in the Laramie Formation sandstones These two

hydraulically connected flow systems are discussed separately below
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521 Ground-water System 1n_Rockv Flats Alluvium

5211 Recharge/Discharge Conditions

Recharge to the water table occurs as infiltration of incident precipitation In
addition, ground water within Rocky Flats Alluvium flows eastward into the West

Spray Field Area

Ground-water discharge from the West Spray Field Area occurs as
evapotranspiration, as eastward flow within the Rocky Flats Alluvium, and as seepage

into Woman Creek to the south and into North Walnut Creek to the east-northeast

The surficial ground-water flow system 1s quite dynamic, with large water
level changes occurring 1n response to precipitation events and to stream and ditch
flow Hurr (1976) describes the rapid response of water levels in wells completed 1n

Rocky Flats Alluvium to irrigation

In Figure 5-1 water table elevation data in the West Spray Field area are
compared through time with the monthly precipitation measured at the 774 Building
and the 6l-meter weather tower at the Rocky Flats Plant A general correlation
appears to exist between precipitation and water-level data for wells 47-86, 49-86, and

51-86
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5212 Ground-water Flow

In the West Spray Field area, ground water flows east-northeastwardly
following the regional topography of the Rocky Flats Alluvium  Locally in the
vicinity of the drainage system of Woman Creek, ground water flows southeastwardly

into this drainage system

This general pattern of ground-water flow 1s evidenced by the water-table
maps constructed for May, June, August, and November, 1987 and April 1988 (Plates
5-6 through 5-10, respectively) Seasonal variations in ground-water flow appear to be
related to the overall elevation of the water table When the water-table 1s relatively
high, May, June and August 1987 (Plates 5-6, 5-7, 5-8) ground-water flow 1s more
eastwardly than in periods when the water table 1s lower, November 1987 and April

1988 (Plates 5-9, 5-10)

The water table elevations recorded at monitor well 47-86 are generally low
with respect to the overall water table An exception 1s the water table of November
1987 (Plate 5-9), where water-table elevations in monitor wells 47-86 and 45-86 are
very similar and imply north-northeastward ground-water flow 1n the northeast

corner of the study area

The water-level elevation of the raw-water supply pond located south of
monitor well 49-86 was not used in the construction of the water-table maps This
pond 1s lined and consequently not hydraulically connected with the ground-water

system 1n the Rocky Flats Alluvium
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5213 Hydraulic Conductivities

Hydrauiic conductivity values were developed for surficial materials from
drawdown-recovery and slug tests performed on 1986 wells Drawdown-recovery tests
were analyzed using the Residual Drawdown Plot (Driscoll, 1986) and the method of
Bouwer (1978), and slug tests were analyzed by the method of Bouwer and Rice
(1976) Results of these tests are summarized 1n Table 5-1 Test data and analyses are

presented 1n Appendix B

The hydraulic conductivity values calculated for the Rocky Flats Alluvium at

the West Spray Field area ranged from 21 X 10'5

centimeters per second (cm/s) to 53
X 10'4 cm/s These values correspond to horizontal ground-water flow velocities of

69 to 175 feet per year (ft/yr), respectively See Table 5-1 for details

5214 Basis for Ground-Water Quality Assessment

The assessment provided here 1s qualitative i1n nature, its purpose being the
identification of obvious impacts of the West Spray Field on ground-water quality
The reader 1s referred to Section E of the Post-Closure Care Permit Application for a
discussion of proposed monitoring to achieve complhiance with 40 CFR Part 264
Subpart F Although the current monitoring program at the West Spray Field was not
designed specifically to satisfy RCRA requirements, many of the analytes measured

are those required for routine monitoring under 265 92(b) and assessment monitoring
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TABLE 5-1

RESULTS OF HYDRAUT,.IC CONDUCTTVTTY TESTS
IN ROCKY FLATS ALLUVIUM

Hydraulic Conductivities

Drawdown Slug Ground Water
Well Lithology Recovery Test Velocity*
Test (cm/s) (cm/s) (ft/yr)

45-86 Gravel, sand, silt 2.1x10°3 6.9
47-86 Gravel, silt 2.6x1072 8.6
49-86 Gravel, sand, silt 9.7x10”° 32
50-86 Gravel, sand, silt 5.3x1074 175
56-86 Boulders + Silt 5.0x1072 17

Geometric Mean (cm/s)

Gravel: 2.6 x10°° 1.0x10:4 8.6, 33

Boulders + Silt 5.0x10°° 17

Horizontal ground-water velocity. Velocities are calculated
from the hydraulic conductivity, the average horizontal
gradient of 0.033 ft/ft, and an assumed effective porosity of
0.1 The equation used 1is

G-W Velocity (ft/yr) = K(l.OxlO6 ft-sec/cm-yr)(0.033 ft/£ft)/(0.1)

where K = hydraulic conductivity (cm/s)
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under 26593(a) Parameters for routine monitoring included in the monitoring
program are the Safe Drinking Water Act (SDWA) metals, chloride, 1iron, manganese,
sodium, sulfate, pH, and specific conductance Assessment monitoring parameters are
Appendix IX hazardous waste constituents expected in the unit Many of the
Hazardous Substances List (HSL) volatiles are Appendix IX hazardous waste
constituents that may have been in the ground water collected at the solar ponds and
subsequently released to the West Spray Field The radtonuclides, although not
Appendix IX hazardous waste constituents, have been analyzed because they are
constituents of the waste disposed at the solar ponds and potentially released to the
West Spray Field Other parameters analyzed are for general inorganic

characterization of the ground water

A ground-water protection standard (concentration limit) i1s not defined for
interim status regulated units under 40 CFR 265, however, regulations at 40 CFR 264
Subpart F have been used as a framework to examine the ground-water quality at the
West Spray Field The ground-water protection standard defined 1n 40 CFR 26494
specifies background levels for Appendix IX hazardous constituents or SDWA
drinking water standards for the SDWA metals (which are also Appendix IX
hazardous constituents) The SDWA drinking water standards, as well as standards
for other metals, 1norganics, and radionuclides which are not hazardous constituents
arc shown 1n Table 5-2 The concentrations for major 1ons and non-SDWA metals are
the Colorado Department of Health (CDH) ground-water standards for protection of
human health (or protection of agriculture if human health standards are not
available) The plutonium and americium concentrations are proposed drinking water

standards (51 FR 34859) The uranium concentration is a CDH surface water
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METALS

++
++
++

RADIONUCLIDES

TABLE 5-2

BACKGROUND ALLUVIAL
GROUND-WATER QUALITY
AND PROPOSED GROUND-WATER CONCENTRATION LIMITS

Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Cesium
Chromium
Cobalt
Copper
Iron

Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Thallium
Vanadium
Zinc

Gross Alpha
Gross Beta
Uranium 233,234
Uranium 235
Uranium 238

Plutonium 239,240

Americium 241
Strontium 89,90
Tritium

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
3 OCTOBER 1988

ROCKY FLATS PLANT, GOLDEN, COLORADO

Concentration Range (mg/l)

Proposed
Ground-water
Concentration
Background* Limits
029U- 22 50
02U 002U
005U 005
048-0071 10
005U-0011 0011
005U oor ,
02U 002U
01U 005
022U Q022U
0063U-012 0012
0069U- 125 03
005U-010 005
1U 01U
005U- 066 005
0002U 0002
022U 01
037U 00370
005U 001
0076U 005
11-16 016 ,
01U 001U
024U 0024U
02U-086 0086
ncentration Ran 1/]
Below MDA-262(34) 15
Below MDA-135(26) 50
Below MDA-1 5(09) 40 ***
Below MDA 40 ***
Below MDA-2 2(0 8) 40 ***
Below MDA 40
Below MDA 4
Below 3 32 8
Below 593 20,000
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TABLE 5-2
(CONTINUED)
BACKGROUND ALLUVIAL
GROUND-WATER QUALITY
AND PROPOSED GROUND-WATER QUALITY CONCENTRATION LIMITS

Element Concentration Range (mg/1)
Proposed
Ground-water
Concentration
Background* Limits
MAJOR IONS
Calcium 22-34 NA
Magnesium 36-59 NA
Potassium 70-4 70 NA
Sodium 8-13 NA
Bicarbonate 73-80 NA
Carbonate ND NA
Chloride 6-19 250
Nitrate 80-15 10
Sulfate 15-27 250
Total Dissolved
Solids 134-167 400
* Well 55-86
*EE Total Uranium
+ SDWA metal and Appendix IX hazardous constituent
++ Appendix IX hazardous constituent that 1s not an SDWA metal

NA Not available

MDA Theoretical Minimum Detectable Activity
U Values less than Detection Limaits

ND Non-Detectable

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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standard {5 CCR 1002-8, Section 3 8 5(3)] All other radionuclide standards are SDWA
maximum contaminant levels These analyte concentrations are proposed
concentration limits and are used to preliminarily assess the public health significance

of the ground-water quality

Table 5-3 lists the analyses performed on the ground-water samples All
analytical data are presented in Appendix D and Table 5-4 summarizes the available

ground-water quality data discussed 1n this report

5215 Alluvial Ground-Water Quality

Basis for Background Alluvial Ground-Water Quality Assessment

Background conditions are characterized in this document from alluvial well
55-86 Well 55-86 1s completed 1n Rocky Flats Alluvium south of the West Spray Field
1n an area unimpacted by any waste management units (Plate 5-1) Because of the
presence of high nitrate in ground water at the immediately upgradient wells 10-81
and 51-86, these wells cannot be used as a basis for characterizing alluvial ground
water upgradient of the West Spray Field Well 7-82, also immediately upgradient, has
had 1nsufficient water 1n the well for analysis since well completion The presence of
nitrate indicates the wind potentially blew the spray in a westerly, upgradient
direction or that the dewatering and/or increased evaporation from the nearby gravel
and/or clay pits changed the local ground-water flow toward a more westerly

direction
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! TABLE 5-3
' GROUND-WATER SAMPLING PARAMETERS

FIELD PARAMETERS
pH

Specific Conductance
Temperature

INDICATORS
Total Dissolved Solids

METALS

Target Compound List - Metals
Molybdenum

Strontium

Chromium (hexavalent)
Lithium

ANIONS
Carbonate
Bicarbonate
Chloride
Sulfate
Nitrate

ORGANICS -
. Target Compound List - Volatiles
01l and Grease

RADIONUCLIDES

Gross Alpha

Gross Beta

Uranium 233, 234, 235, and 238
Americium 241

Plutonium 239

Strontium 90

Cesium 137

Tritium

** Dissolved metals

*** Ground-water samples from the first, second, and third quarters of 1987, and all
surface water samples were analyzed by the Rockwell 881 Laboratory for only
9 of the HSL volatiles These volatiles are the chlorinated solvents historically
detected 1n the ground water and are as follows PCE, TCE, 1,1-DCE, 1,2-
DCA, t-1,2-DCE, 1,1,1-TCA, 1,1,2-TCA, CCly and CHCI4 Ground-water
samples from fourth quarter 1987 and first quarter 1988 were analyzed for
HSL volatiles with the exception of 2-chloroethylvinyl ether
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Analytical results from well 55-86 have been examined for consistency over

‘ time If a result 1s inconsistent in magnitude with other results from the well, 1t 1s
excluded as an outlier from consideration 1n developing the background range The

outlier values may be due to laboratory error in analysis, a data reporting error, or

field contamination of the sample, however, they could also be natural concentration

variations for the analyte The exclusion of high-valued outliers from the

background characterization results 1n a conservative comparison between background

and downgradient conditions

Table 5-2 provides the analyte concentration ranges for background alluvial
ground water  Alluvial ground water west of the Plant 1s of excellent quality,
characterized by low concentrations of major 1ons, metals, and radionuclides Organic
compounds are not above detection limits and pH ranges from 560 to 900
Background alluvial ground-water chemistry will be reevaluated by additional well

‘ tnstallation and ground-water sampling during 1988 field investigations

It should be noted that background ground-water quality was previously
established and described i1n the 881 Hillside Remedial Investigation Report, March
1988 (Rockwell International, 1988) Data for some analytes for West Spray Field
alluvial wells 10-81, 49-86, 50-86, 56-86, 47-86, and 51-86 were evaluated and used, 1f
appropriate, to increase the size of the background data base Although a logical
rationale was provided on the use of these data, in order to simplify presentation of
ground-water quality impacts at the West Spray Field these data are not considered a
prior: estimates of background alluvial ground-water quality However, as i1n the 881
Hillside Remedial Investigation Report, it 1s concluded there are no impacts to

ground-water quality with respect to these analytes

‘ WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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‘ METALS

Metal concentrations are generally low in the alluvial ground water at well
55-86 Of the twenty-three metals for which analyses were conducted, fourteen were
either not detected or detected at estimated values below the detection Iimits The
non-detected metals, together with the detection limits, are

Antimony (0 02 mg/1)
Arsenic (0005 mg/l)
Cadmium (0 005 mg/l)
Cestum (002 mg/1)
Chromium (001 mg/I)
Cobalt (0022 mg/1)
Lithium (01 mg/l)
Mercury (00002 mg/1)
Molybdenum (0 022 mg/1)
10 Nickel (0037 mg/1)

11 Selenium (0 005 mg/I)
12 Silver (00076 mg/1)

13 Thallium (001 mg/1)
14 Vanadium (0 024 mg/l)

O 00~ Wn b Wb —

‘ For these metals, the detection limits are considered the maximum reasonable

values for background conditions

The other nine metals were detected 1n enough samples that a background

range can be established, as follows

1 Aluminum concentrations varied from below the CLP detection limit of
0029 mg/l to a maximum concentration of 0740 mg/1 Dixon’s Test
indicates 0740 mg/1 1s an outlier and therefore the background range
for aluminum 1s less than 0029 mg/1 to 022 mg/l

! 2 Barium was detected i1n the range of 0048 to 0 140 mg/1 Dixon’s Test
indicates the value 0140 to be an outlier, therefore, the background
range 15 0048 mg/1 to 0071 mg/l

3 Beryllium (0 005 mg/l) was present above detection limits only once 1n
all the samples collected from well 55-86 The concentration detected
was 0011 mg/l and 1s close enough to the detection Iimit to be the
upper bound of the background range

. WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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1in all samples except one, 1n which the concentration was 0046 mg/l
(the duplicate sample was 0012 mg/l) Because the lower of the
detected values 1s near the detection limit, this value 1s included 1n the
background range of less than 00063 to 0012 mg/I

’ 4 Copper concentrations were less than the detection limit of 00063 mg/!

wn

Iron concentrations were usually greater than the detection limit of
00069 mg/l and were as high as 054 mg/l Dixon’s Test indicates the
value 054 to be an outlier, therefore, the background range 1s
established as less than 00069 mg/1 to 0125 mg/l

6 Lead was generally not detected above the detection limit of 0005 mg/l,
however, there are two values (0010 and 0016 mg/1) that are observed
above the detection Iimut Dixon’s Test indicates the value 0016 mg/l
to be an outhier, therefore, the background range 1s established as less
than 0005 mg/l to 001 mg/l

7 Manganese concentrations were usually greater than the detection limit
of 0005 mg/l, generally 1n the range of 00068 to 0066 mg/l There was
one value of 055 mg/l that 1s an outlier by Dixon’s Test So, the range
of less than 0005 to 0066 mg/l 1s considered reasonable for
background conditions

8 Strontium concentrations were uniformly detected in the range of 011
to 016 mg/l, and this 1s considered reasonable for background
conditions

‘ 9 Zinc concentrations were uniformly detected in the range of less than
002 to 0086 mg/! This 1s considered the background range for zinc

RADIONUCLIDES

Background alluvial ground water contains low concentrations of
radionuclides Plutonium, americium, and uranium-235 concentrations generally have
uncertainties associated with the determination that are on the order of the
determination itself Uncertainty arises in radiometrically determined concentrations
because radioactive decay (the measured parameter) 1s a random process The
reported value 1s an estimate of the mean value that could be developed from the
range of values obtained from repeated measurements on the same sample The

uncertainties reported 1n this work are equivalent to two standard deviations about

. WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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the estimate of the mean (1¢, the true value 1s 1n a band defined by the estimated
. mean plus or minus the uncertainty, to a confidence of approximately 95 percent)
Radiometrically determined concentrations with uncertainties equal to or greater than
the estimate of the mean are similar to non-detectable concentrations of non-
radioactive parameters because the concentration is not really quantifiable at the
reported mean level However, the determination differs from the more standard
result 1n that the determination allows the analyst to establish confidence limits about
the true mean, 1¢, the true mean 1s somewhere between the reported mean less the
uncertainty (zero in the situation under discussion) and the reported mean plus the
uncertainty Therefore, although the determined concentrations of plutonium,
americium, and uranium-235 appear to approach 0 pCi/l, additional determinations
can be expected to fall in the range between zero and the average of the background
uncertainties, about 04 pCi/l for plutonium, about 09 pCi/l for americium, and about

03 pCi/l for uranium-235, based on data in Appendix D

Uranium-234 and uranium-238 were determined at concentrations exceeding
the associated uncertainties The October 1986 radiometric results are higher and
have smaller uncertainties than data from the four quarters of 1987 and the first
quarter of 1988 Dixon’s Test indicates these values of 54(05) pCi/l and 67(06)
pCi/1 for uranium-234 and -238, respectively, are outliers Therefore, the background
range for uranium-234 s less than the minimum detectable activity (MDA) to 15(09)

pCi/], and for uranium-238 the range 1s less than the MDA to 2 2(0 8) pCi/l
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MAJOR IONS

‘ Total dissolved solids (TDS) are generally low in alluvial well 55-86, with
concentrations ranging from 134 to 167 mg/l Concentrations of specific cations and

anions that make up the majority of the TDS are as follows

Major Cations

1 Calcium concentrations were of consistent magnitude 1n all samples
analyzed, ranging from 22 to 34 mg/1

[}

Magnesium concentrations were also of consistent magnitude, 1n the
range of 36 to 59 mg/l

3 Potassium concentrations for alluvial well 55-86 were generally in the
range of 07 to 08 mg/l in all samples except one, in which the
concentration was 47 mg/1 (1986 initial Phase 2) Dixon’s Test indicates
this value to be an outher Therefore, the background range 1s
established as 07 to 0 8 mg/!

4 Sodium concentrations were of consistent magnitude 1n all samples
analyzed, ranging from 8 to 13 mg/1

. Major Anions

I Bicarbonate and carbonate ranged from non-detectable to 80 mg/l and
76 mg/l1 for bicarbonate and carbonate, respectively Given natural
ground-water pH ranges, any carbonate anion concentration 1S
considered abnormal Therefore, appropriate background concentrations
are considered to be non-detectable to 80 mg/l and non-detectable for
bicarbonate and carbonate, respectively

Carbonate becomes the dominant species when pH 1s greater than 103
and bicarbonate 1s the most abundant species 1n pH ranges between 64
and 10 3, which 1s also the pH range of natural ground water In the
analytical samples, where carbonate 1s observed to be the dominant
species, bicarbonate quantities are generally ecither very low or non-
detectable Therefore, these values are considered outliers

2 Chloride concentrations ranged from 6 to 19 mg/l 1n all samples taken
from alluvial well 55-86

3 Nitrate concentrations were consistent :n magnitude in all samples
analyzed, ranging from 08 to 1 5 mg/l1

4 Sulfate concentrations were consistent in magnitude ranging from 15 to
27 mg/1
. WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
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‘ Overview of Alluvial Ground-water Quality

This evaluation 15 based on West Spray Field alluvial ground-water data
collected since 1986 The 1986 wells have six quarters of analytical results (the last
quarter of 1986, four quarters of 1987, and the first quarter of 1988) Tables 5-5, 5-6,
and 5-7 compare West Spray Field ground-water analytical data to background

concentrations

Twelve alluvial wells have been installed in the vicinity of the West Spray

Field to monitor ground-water quality The alluvial ground-water system i1n the West

Spray Field can be divided into five subareas The first area consists of the ground

water 1n the upgradient wells 10-81, 7-82, and 51-86 However, well 7-82 was dry

during the sampling efforts, therefore no analytical data are available for this

. alluvial well The second area, within the West Spray Field itself, includes wells 5-82,
6-82, 49-86, and 50-86 Alluvial well 47-86 to the north of the West Spray Field

represents the third area The fourth area of wells 1s located downgradient adjacent

to North Walnut Creek and includes wells 8-81, 9-81, and 45-86 The fifth area 1s

located southeast and potentially downgradient of the West Spray Field along Woman

Creek at well 56-86

Analytical results revealed that semi-volatile and volatile organic compounds
(VOCs) were rarely detected above background Methylene chloride, acetone, 2-
butanone and carbon tetrachloride were sporadically observed only shightly above
detection limats at the West Spray Field These VOCs are common laboratory reagents
and their presence 1s not considered indicative of impacted West Spray Field alluvial

ground water
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Ground-Water Quality of the Upgradient Wells

‘ Alluvial wells 10-81 and 51-86 appear to be upgradient from the West Spray
Field based on surface topography and ground-water levels obtained from the limited
data points This may not have always been the case Dewatering of the gravel/clay
pits just west of the site, increased evaporation from these pits and/or an induced
mounding effect from the artificial recharge produced from the West Spray Field
may have temporarily changed the hydraulic gradient toward these alluvial wells
Also westerly winds may have blown the spray toward the area monitored by wells

10-81 and 51-86

The data from these two wells show slightly increased barium and chromium
in several of the samples Above background concentrations were sporadically
observed for the other metals except cesium, strontium or thallium These values vary
widely over time with no apparent seasonal pattern These occasionally and slightly

. elevated metal concentrations are assumed to represent natural geochemical variations

1n the alluvial ground water

Radionuclide concentrations were not above background in the 1986 sampling
of well 10-81 Uranium-235 was observed above the MDA (32+19 pCi/1) This 1s the
only occurrence of uranium-235 above the MDA in this well and 1s considered an

outlier

Ground water at wells 10-81 and 51-86 appear to have similar 1norganic
composition Nitrate 1s notably elevated above background on several sampling dates
and likely represents an impact from the West Spray Field operation Sodium and
sulfate were also observed above background levels but are generally near background

levels
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Ground-Water Qualitv within the West Spray Field

‘ Wells 5-82, 6-82, 49-86 and 50-86 all are within the West Spray Field Barium,
tron, manganese, and strontium concentrations were regularly elevated above
background but generally within a factor of 2-3 of background levels It 1s possible
these ¢levated metal concentrations represent an impact from the West Spray Field
operation Other metals sporadically occurred above background levels but likely

represent natural geochemical variations 1n ground-water chemistry

Uranium-233 + -234, and -238 showed values elevated above background 1n

wells 06-82, 49-86, and 50-86 The highest concentrations occurred in the 1986
sampling with occasional above background levels 1n subsequent sampling It should
be noted that high uranium concentrations occurred 1n 1986 1n the background well
(55-86) but were discounted as outliers i1n determining the background uranium
concentrations The high values in 1986 for wells 49-86 and 50-86 also "fall out" as
‘ outliers applying Dixon’s Test Only 1n well 6-82 do historical uranium
concentrations appear to be above background and not be outliers However, late
1987 and first quarter 1988 samples do not show elevated uranium concentrations
Although elevated uranium occurred i1n the water sprayed at the West Spray Field, 1t
cannot be conclusively stated that uranium 1s a contaminant of alluvial ground water
in the West Spray field Actinide series metals should be effectively removed by the
so1l, however, elevated uranium 1s not notable in the soils of the West Spray Field
which 1mplies the quantity of uranium applied 1s lower than might be expected
Lastly, strontium-89 +-90 and plutonium-239+ -240 also showed only one increased
value 1in well 06-82 Tritium appeared only once above background in wells 05-82 and

49-86
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The most likely indicator of contamination in the West Spray Field alluvial

. ground-water quality 1s nitrate, and to a lesser extent sodium and sulfate On several
occasions, nitrate was detected above background at wells 05-82 and 49-86 Sulfate

and sodium were also elevated 1n these wells Wells 06-82 and 50-86 generally showed

increased sulfate values, but nitrate and sodium values were below background

Bicarbonate values were slightly elevated 1n well 50-86, but this could easily be

related to natural variations of alluvial ground water geochemistry Total dissolved

solids (TDS) were observed to be slightly above background in all the West Spray

Field wells, which may indicate tmpacts from the spraying operation
Ground-Water Quality Side-Gradient and North of the West Spray Field

Well 47-86 1s the only well currently 1n this sub-group Metal contamination 1n
this area 1s not evident There are sporadic values slightly above background for
several of the metals, but their low concentration seem to represent only natural

‘ alluvial ground water variation Total uranium appears elevated in November, 1986,
however, uranium concentrations were at background levels in late 1987 and first

quarter 1988
Downgradient Ground-Water litv Adjacent to North Waln reek

Wells 8-81, 9-81, and 45-86 are the wells downgradient of the West Spray Field
adjacent to North Walnut Creek Strontium was the only metal that consistently
appeared somewhat elevated in wells 08-81 and 09-81 (0250-02996 mg/l and 0 350-
04635 mg/l, respectively) Strontium was only shightly above background on one
occasion 1n well 45-86 (0 193 mg/1) All other metals showed sporadic concentrations

above background and are considered natural alluvial geochemical variation
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Above background concentrations of radionuclides appeared only 1n wells

‘ 08-81 and 45-86 In well 8-81, uranium-234 was consistently elevated but generally
within a factor of 2-3 of background levels Uranium-238 was elevated above

background on two occasions but was also within approximately a factor of 2 of

background levels Uranium-238 was above background on two occasions 1n well 45-

86 (10-16 pCi/l and 98 pCi/1), as was plutonium-239 +-240 (47 and 0106 pCi/D)

Although the plutonium-239+240 value of 47 pCi/l 1s a clear outlier, regardless of

whether the other above background radionuclide concentrations represent impacts

from the West Spray Field operations, late 1987 data indicate background

concentrations of radionuclides

Wells 08-81 and 09-81 showed simular inorganic chemistry with consistently
elevated calcium, sodium, and TDS above background Also, bicarbonate was
observed above background on several occasions in these wells Magnesium was
elevated in well 08-81, while chloride and sulfate were elevated in well 09-81 Major

|

1on chemistry was generally below background 1n well 45-86

Downgradient Ground-Water Quality along Woman Creek

Well 56-86 1s downgradient of the West spray Field and along Woman Creek
Barium and strontium appeared slightly elevated on several occasions Other metals
occasionally were above background, but this appears to be attributed to natural
geochemical variations in ground water There were no consistent detections of
radionuclides above background levels The major ions that are consistently elevated
in this well are magnesium, sodium, and bicarbonate, TDS i1s also consistently above
the alluvial ground-water background value Chloride values are observed above

background on several occasions However, none of these major 10ns are significantly
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above background and therefore may represent natural geochemical variations in

alluvial ground water

Summary an onclusions

To facilitate geochemical interpretation of the ground-water data, Table 5-8,
Table 5-9, and Table 5-10 were constructed to represent analytes showing greater than
three times background values Most of the potential contaminants drop out at this

point "Starred” values on this table represent outliers

| Volatile organic compounds are generally non-detectable in the alluvial ground
water near the West Spray Field, except for sporadically elevated
concentrations of common laboratory reagents These are not considered to be
constituents of the impacted West Spray Field alluvial ground water, because
the presence of these substances may be due to laboratory contamination

2 Metal concentrations are generally similar to background conditions except for
occasional high concentrations for some metals that do not show any cross
correlations with other metals or analytes above background, or any spatial or
temporal trends Except for iron and manganese, high concentrations of other
metals are either outliers or below the proposed concentration limits Iron and
manganese proposed concentration limits are based on aesthetic considerations
Therefore, although metal contamination of alluvial ground water 1s not
apparent, even the high metal concentrations observed do not present a health
hazard

3 Of the radionuclides, only uranium-233+4234 and -238 appear at high
concentrations with regularity in the wells of the West Spray Field However,
most occurrences are 1n 1986 which appear to be outliers, and 1n late 1987 and
first quarter 1988 they are at background levels Even if the clevated
concentrations represent historic contamination, the concentrations were below
the proposed concentration limits

4 Major 1on chemistry indicates dominance by sodium, nitrate, and sulfate in
alluvial ground water of the West Spray Field (Table 5-7) Sodium 1s never
elevated above three times background (Table 5-10) Sulfate 1s present above
three times background at several locations, but most are considered to be
outliers except for well 06-82 on 01/07/88 (90 2 mg/1) Nitrate 1s the major 10n
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TABLE 5-10

RAJOR TON CONCFNTRATIONS AT THRIF TINFS BACKGROUND
IN ALLUVIAL WTLLS (wg/1)

Well
Number

Date Major lon K €0,™" - N0y
Sampled Background 08 5y 19 15
IxBackground 2 4 15 57 45

SO4
27
81

10-81

51-86

05-82

06-82

49.86

47-86

09-81

45-86

56-86

08/08/86 - 21(19) -, -

06/18/87 - - 444 7 30
08/21/87 - - - 7 65
08/21/87(Dup) - - - 7 85
01/12/88 - - - 6 10
02/04/88 - - - 5 98

11/07/86 - 42(v) - -
05/13/87 - - - 4 65
06/17/87 - - - 4 60
08/20/87 - - - 515
12/10/87 - - - -
02/08/88 - - - 491

08/13/86 15 5 - - 32 4
01/07/88 - - - -

01/07/88 - - - -

11/24/86 - 45(7) - -
04/08/87 - - -
06/18/87 - - -
08/25/87 - - -
12/14/87 - - -

— —
h OO0

U O W e

11/07/86 - 88(5 4) - R
08/14/86 - 85(10y) - -

10/16/86 110(12) - -

~N
- 2]

10/02/86 120(16) - -
07/15/87 29 - - -

90 2
- L3
150

- *
1340

®  Qutlier
() HC03' value
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that indicates impact i1n the West Spray Field area  Nitrate occurs at three
‘ times background 1n all subareas of the West Spray Field (Table 5-10)

In conclusion, nitrate 1s the most prevalent contaminant associated with the
mmpact of the West Spray Field Sulfate and sodium are also elevated in many

locations, but concentrations are seldom found above three times background

522 Bedrock Ground-water Flow Svystem

Ground-water flow occurs in the Laramie Formation under confined
conditions Unconfined flow within the Laramie Formation 1n the West Spray Field

Area has not been documented to date and 1s not believed to exist

5221 Recharge Conditions

Recharge to the Laramie Formation occurs as downward infiitration from the

overlying Rocky Flats Alluvium Table 5-11 presents downward hydraulic gradients

‘ calculated for alluvial/bedrock well pairs in the West Spray Field area Calculated
vertical gradients range from about 008 to 034 The presence of a downward

gradient has been demonstrated previously at the Plant (Hurr, 1976 and Rockwell

International, 1986a, Rockwell International, 1988a, 1988b, 1988¢c)

Figures 5-2, 5-3, and 5-4 illustrate the elevation of the potentiometric surface
through time for well pairs 51-86/52-86, 49-86/48-86, and 47-86/46-86, respectively
Three wells 51-86, 52-86, and 48-86, exhibit uncharacteristically spiky curves when
first measured This may be due to ongoing well development and slow recovery

after sampling
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Wells 47-86, 49-86, and 51-86 are completed 1n Rocky Flats Alluvium As

‘ discussed 1n Section 5211 of this report, the potentiometric surface (water table) 1n
these wells varies in response to incident precipitation No correlation 1s apparent

between the potentiometric surface exhibited by wells completed in the Rocky Flats

Alluvium and any of wells completed in the Laramie Formation, wells 46-86, 48-86,

and 52-86 Thus the Laramie Formation 1s apparently not directly recharged from

incident precipitation

5222 Ground-Water Flow Directions

None of the existing bedrock wells at the West Spray Field area are completed
in the same unit of the Laramie Formation Consistent with the regional recharging
of the Laramie Formation in this locality, 1t 1s assumed ground water flows eastward
within the subcropping sandstone A hydraulic gradient of 003 ft/ft for subcropping

‘ Laramie sandstones 1s estimated from a 1978 regional potentiometric surface maps for

the Laramie Formation (Robson et al, 1981b)

5223 Hydraulic Conductivities

Hydraulic conductivity values for the Laramie Formation were estimated from
a drawdown-recovery test performed in 1986, a slug test performed in 1983, and
packer tests performed 1n 1986 Tables 5-12 and 5-13 summarize the results of these

tests Data, analyses, and results of each test are provided in Appendix B
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TABLE 5-12

RESULTS OF PACKER TESTS IN LARAMIE FORMATION

Intervatl Geometric
Well (Depth below Lithology 1st P1/3 P2/3 2nd P1/3 Mean
Number Ground Level ft) (cm/s) (cm/s) {cm/s) {cm/s)
46-86 107 27-117.30 Claystone 3x10°%  Aborted 3x10°8
130 22-140 25 Claystone 1x10°% 1 7x10” 6x10"8  s5x10°8
140 64-150 67 Siltstone 1x10°8 5 1x10°7 1 1x107  8x10°8
151 00-161 03 Siltstone 11008 7x10®  1xa0°® 241078
Geometric Mean for Claystone ax10-8
Geometric Mean for Siltstone* 4x10'8
48-86 101 23-110 88 Siltstone & Claystone® leO'? Failed, 8 g
113 80-123 53 Siltstone 1 6x10'7 5x10'7 lx10'7 5x10'7
124 69-134 34 Siltstone 2 3x10:7 7 0x10° 1 0x107° 2 5x10'7
128 05-137 70 Siltstone 3 8x10-7 Failed 3 8x10'7
130 05-139 70 Siltstone 5 5x10 8 Failed7 8 5 5x10'7
141 03-150 39 Siltstone 9x10'7 6 5x10° 3x107° 1 2x10'7
141 03-150 39 Siltstone 3 4x10° failed 3 4xlo'7
144 00-153 65 Siltstone 2 leo'; Failed 2 5x107
145 94-155 59 Siltstone 1 9x10'7 fatled 1 9x10'7
160 00-169 65 Siltstone 4 3x10'7 Failed 4 3x10'7
161 88-171 53 Siltstone 1 3x10'7 failed 1 3x10:7
165 20-174 80 Siltstone 1 0!10.7 Failed 1 0x10 7
167 10-176 74 Siltstone 3 1x10° Failed 3 1x10'7
175 85-185 50 Siltstone 2 leO'; Failed 2 2x10'8
177 75-187 40 Siltstone lx10'7 Failed 1x10:7
181 21-190 86 Siltstone 1 SXIO'8 fFailed 1 5x10 8
183 11-192 76 Stltstone 4x10° Failed 4x10°
192 00-201 65 Siltstone & Sandstone* 1x10‘§ Failed
194 00-203 60 Siltstone & Sandstone* 3 0x10'7 Failed 7
196 15-206 80 Sandstone 1 lxlO'8 fatled 1 lxlO'8
198 76-208 41 Sandstone 3x10° Failed 3x10°
Geometric Mean for Siltstone 1 leo';
Geometric Mean for Sandstone 6x10°

* Mixed lithology

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO

3 OCTOBER 1988

tests not used in calculating geometric means

PAGE §-50




TABLE 5-13

RESULTS OF HYDRAUT.IC CONDUCTIVITY TESTS
IN LARAMIE FORMATION

Hydraulic Conductivities

Drawdown Slug Packer Ground Water
Well Lithology Recovery Test Test Velocity*
Test (cm/s) (cm/s) (cm/s) (ft/yr)
46-86 Claystone 4x10~8 0.013
Siltstone 5x1078 4x10"8 0.017,0.013
48-86  Siltstone & Sandstone 5.4x1077 0.18
Siltstone 1.6x1077 0.053
Sandstone 6x10~8 0.020

Geometric Mean (cm/s)

Sandstone: 6x10~8 0.020
Siltstone: 5x10"8 8x10°8 0.017,0.026
Claystone: 4x1078 0.013

Horizontal ground-water velocity. Velocities are calculated
from

the hydraulic conductivity, the average horizontal

gradient of 0.033 ft/ft, and an assumed effective porosity of

0.

The equation used 1is

G-W Velocity (ft/yr) = K(1.0x106 ft-sec/cm-yr)(0.033 ft/ft)/(0.1)

where K

hydraulic conductivity (cm/s)
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The hydraulic conductivity calculated for sandstone 1s 6 x 10'8 cm/s, for
claystone 4 x 10'8 cm/s, and for siltstone 5 x 10-8 and 16 x lO'7 cm/s A slug test of
an interval comprised of 5 feet siltstone and 10 feet clayey sandstone yielded a

slightly higher hydraulic conductivity of 54 x 10'7 cm s

The horizontal ground-water flow velocity for the Laramie Formation in the

West Spray Field area varies from 0013 to 018 ft/year See Table 5-4 for details

5224 Bedrock Ground-Water Quality

Basis for Background Bedrock Ground-Water Quality

Unlike alluvial ground water, the bedrock ground-water quality 1s unlikely to
be impacted by the West Spray Field because of the claystone separation of bedrock
sandstones from alluvium Background bedrock ground-water quality was previously
established and described 1n the 881 Hillside Remed:al Investigation Report, March
1988 (Rockwell International, 1988) Data from wells completed 1n the sandstone of
the Laramie Formation (46-86, 48-86, 52-86, and 54-86) were used to establish
background bedrock ground water quality, however, all of these bedrock wells except
54-86 are located within the West Spray Field Therefore, bedrock background
conditions are characterized i1n this document as concentration ranges observed for
bedrock well 54-86 located south of the West Spray Field As with the alluvial

background range, outliers are excluded 1n developing the background range

Ground water 1n the bedrock west of the Plant 1s of excellent quality,
characterized by low concentrations of major ions, metals and radionuclides Organic

compounds are non-detectable and pH ranges from 55 to 106 Analytical data are
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presented in Appendix D, and a2 summary of the determined background ranges is

presented 1n Table 5-14

METALS

Metal concentrations in the bedrock ground water are generally low Fourteen
of the twenty-three metals for which analyses are made were not detected above the

detection limits

Antimony (002 mg/1)
Arsenic (001 mg/1)
Beryllium (0 005 mg/1)
Cadmium (0 005 mg/l)
Cesium (002 mg/1)
Cobalt (0022 mg/l)
Lithium (0 I mg/1)
Mercury (0 0002 mg/1)
Molybdenum (0 022 mg/1)
10 Nickel (0037 mg/1)

11 Selenium (0005 mg/1)
12 Silver (00076 mg/1)

13 Thallium (00! mg/1)
14 Vanadium (0024 mg/1)

\O 00 ~J O\ &b »—

The detection limits are considered the maximum reasonable values for

background conditions

Background ranges were established for the other nine metals as follows

1 Aluminum concentrations varied from below the detection limit of 0029 mg/!
to a maximum concentration of 015 mg/l1 This value 1s an outlier according
to Dixon’s Test Therefore, the detection limit 1s considered background for
aluminum

2 Barium concentrations varied uniformly between 0057 mg/l and 0106 mg/l,
the entire range 1s considered reasonable for background conditions

3 Chromium was generally not detected above the detection limit of 001 mg/l,
however, the maximum detected value (0015 mg/l) 1s near the detection limit
and 1s therefore i1ncluded 1n the range of reasonable background values
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TABLE 5-14

BACKGROUND BEDROCK
GROUND-WATER QUALITY

AND PROPOSED GROUND-WATER CONCENTRATION LIMITS

METALS

RADIONUCLIDES

Element Concentration Range (mg/l)
Proposed
Ground-water
. Concentration
Background Limits
Aluminum 029U 50
++ Antimony 02U 002U
+ Arsenic 1330 005
+ Barium 057- 106 10
++ Beryllium 005U 0005
+ Cadmium 005U 001
Cesium 02U 002U
+ Chromium 01U-015 005
++ Cobalt 022U 0 022U
++ Copper 0063U-048 0048
Iron 0069U-011 03
+ Lead 005U-019 005
++ Lithium 1U 01U
Manganese 026-228 005
+ Mercury 0002U 0002
Molybdenum 022U 01
++ Nickel 037U 0037U
+ Selenium 005U 001
+ Silver 0076V 005
Strontium 33-87 087
++ Thallium 01U 001U
++ Vanadium 024U 0024
++ Zinc 02U-05 005
Concentration Range (pct/l)
Gross Alpha Below MDA-57(32) 15
Gross Beta Below MDA-65(48) 50
Uranium 233,234 Below MDA-2 4(1 3) 40 *»*
Uranium 235 Below MDA 40 ***
Uranium 238 Below MDA-64(13) 40 **»
Plutonium 239,240 Below MDA 40
Americium 241 Below MDA- 048( 045) 4
Strontium 89,90 Below 102 8
Tritium Below 593 20,000
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TABLE 5-14
(CONTINUED)
BACKGROUND BEDROCK
GROUND-WATER QUALITY
AND PROPOSED GROUND-WATER CONCENTRATION LIMITS

Element Congentration Range (mg/1)
Proposed
Ground-water
Concentration
Background Limit
MAJOR IONS
Calcium 43-111 NA
Magnesium 10-25 NA
Potassium 5U-6 NA
Sodium 32-37 NA
Bicarbonate 246-347 NA
Carbonate ND NA
Chloride 8-24 250
Nitrate ND 10
Sulfate 41-52 250
Total Dissolved
Solids 425-467 400
$ Plant background water quality conditions (Rockwell International, 1988)
i Total Uranium
+ SDWA metal and Appendix IX hazardous constituents
++ Appendix IX hazardous constituent that 1s not an SDWA metal

NA Not available

MDA Theoretical Minimum Detectable Activity
U Values less than Detection Limit

ND Non-Detectable
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4 Copper concentrations varied from below the detection limit of 00063 mg/l to
0048 mg/1 Because of the uniformity of the distribution within the range, the
. entire range 1s considered reasonable for background conditions

5 Iron concentrations varied from below the detection limit of 00069 mg/1 to
011 mg/l The value 011 mg/l 1s an outher by Dixon’s test, therefore, the
background range 15 established as less than 00069 mg/l to 0011 mg/}

6 Lead was generally not detected above the detection lLimit of 0005 mg/l,
however, the maximum detected value (0019 mg/l) 1s within an order of
magnitude of the detection limit and is therefore included in the range of
reasonable background values

7 Manganese concentrations varied uniformly between 0026 mg/l and 0228 mg/l,
the entire range 1s considered reasonable for background conditions

8 Strontium concentrations, like manganese, varied uniformly between 033 mg/]
to 087 mg/l, the entire range 1s considered reasonable for background
conditions

9 Zinc concentrations varied from below the detection limit of 002 mg/l to 005

mg/l  Because of the uniformity of the distribution within the range, the
entire range 1s considered reasonable for background conditions

RADIONUCLIDES

. Background bedrock ground water contains low concentrations of
radionuclides As with the background alluvial ground-water quality, plutonium and
uranium 235 concentrations generally have uncertainties associated with the
determination that are on the order of the determination itself As discussed earlier
in the background alluvial ground water section, this 1s similar to non-detectable

concentrations of other parameters

Both uranium-234 and -238 were often determined at concentrations exceeding
the associated uncertainty Uranium-234 determinations were in the range of less
than the MDA to 6 6+1 8 pCi/l, and uranium-238 determinations were 1n the range of
less than the MDA to 44+15 pCi/l Both the 66 and 44 values are outhers by

Dixon’s Test (and occurred in 1986) The background range for uranium-234 1s
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established as less than the MDA to 24 (13) pCi/l, and for uranium-238 less than the
. MDA to 064 (013) pCi/!

MAJOR IONS

TDS 1s generally low 1n background bedrock ground water (ranging from
approximately 425 to 467 mg/l) The range of reasonable background major 1on
concentrations include all determinations of samples collected from bedrock well 54-
86, because the results were uniformly distributed over the ranges The concentration
ranges presented 1n Table 5-14 indicate that the major 1on chemistry of background
bedrock ground water 1s dominated by calcium and bicarbonate Concentrations of

specific cations and anions that make up the majority of the TDS are as follows

Cations
1 Calcium concentrations ranged from 43 to 111 mg/! in bedrock well 54-86

. 2 Magnesium concentrations were of consistent magnitude in all wells, ranging
from 10 to 25 mg/1

3 Potassium concentrations varied from below the detection limit of 5 mg/l to a
maximum concentration of 6 mg/l Because the highest detection 1n the
background well 1s so low, the entire range of less than 5§ to 6 mg/l 1s
presented on Table 5-14

4 Sodium concentrations were of consistent magnitude in all of the samples,
ranging from 32 to 37 mg/l
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Anions

1 Bicarbonate and carbonate ranged from 246 to 347 mg/l and non-detectable for
bicarbonate and carbonate, respectively Given the pH ranges are below 83,
any carbonate 1s considered abnormal Therefore, appropriate background
concentrations are considered to be those shown above

2 Chloride concentrations ranged from 8 to 24 mg/I

3 Nitrate concentrations were all below the detection limit of 020 mg/l and this
1s considered the background bedrock ground water upper Limit

4 Sulfate concentrations generally ranged from 41 to 52 mg/l, with the exception

of one sample analyzed on 02/08/88 of 92 mg/lI This value 1s considered an
outlier by Dixon’s Test

QYERVIEW

Three bedrock wells are used to categorize the potential impact of the West
Spray Field on bedrock ground-water chemistry  All these are screened in the
Laramie Formation Well 52-86 1s located upgradient to the west of the area Well
48-86 lies within the central portion of the West Spray Field and well 46-86 lies to the

north and 1s sidegradient to the potentially impacted

Ground water 1n the bedrock does not appear to be impacted by the activities
at the West Spray Field Barium is elevated in most sampies collected from well 46-86
(Table 5-15) Molybdenum 1s above background in all samples analyzed in Well 52-86
However, these metals are not above three times background (Table 5-18) Iron and
aluminum are elevated above three times background in one sample (05/14/87) from
well 46-86 All of these observed metal concentrations probably represent natural
bedrock ground water geochemical variation, and are not the result of the impact of

the West Spray Field
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The radionuclide concentrations elevated above background (Table 5-16) all

appear randomly, are outliers, or represent natural variations 1n the bedrock ground-

water quality

Sodium occurred above background in all samples collected from well 48-86
(Table 5-17) However, none of the major i1ons were elevated above three times

background 1n the bedrock wells of the West Spray Field Area (Table 5-18)
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TABLE 5-16

RADIORUCLIDE CORCENTRATIONS ABOVE BACKGROUND
IR BEDROCK WELLS (pCi/1)

Well Date Gross Gross ] U Sr Pu
Number Sampled Alpha Beta 235 238 89,90 239,240
57(32) 65(48) MDA 4 4(1 5) (1 02) MDA

46-86 11/13/86 - - -
05/14/87 184(33) 95(5) 50( 42) - 5 04
06/22/87 - - -
08/14/87
10/05/87
10/06/87
02/12/87

48-86 04/08/87
06/18/87
08/25/87
12/14/87

52-86 05/13/87
06/18/87
08/19/87
10/02/87
10/02/87 (Dup)
10/02/87 (Dup)
02/08/88

; 7517) 19
09( 06) . -

LI ) t 1

67Z22) -

- 052 04)

(3]
~4
LI R N |

18(13)

MDA - Theoretical minimum detectable activity
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RAJOR 108 CONCENIRATIONS ABOVE BACKGROUND 1N
BEDROCK WELLS (mg/!)

TABLE 5-17

Well
Number
Background

Date
Sampled

...............

+
Na

37

co,"

ND

NO

ND

S0

92

46-86

48-86

52-86

11/13/86
05/14/87
06/22/87
08/14/87
10/05/87
10/06/87
02/12/88

04/08/87
06/18/87
08/25/87
12/14/87

05/13/87
06/18/87
08/19/87
10/02/87
10/02/87(Dup)
10/02/87 (Dup)
02/08/88

37.

37
45
46
42

2643
4743
7407
0372

2 0(35 6)
13 4(24 4)
18 5(23 4)

* () HC03' Value
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TABLE 5-18

ARALYTE CORCERTRATIONS ABOVE THREE TIMNES BACKGROUND

IR BEDROCK WELLS

Nell Date Al Fe  Gross Alpha y235 5r89:90 ¢o.°
Number  Sampled Background 0 15 01t 57(32) MDA 102 5U
3xBackground 0 45 0 33 171 3 06 15
(mg/1) (mg/1) (pCi/1) (pCi/1) (pCi/1) (mg/1)
46-86 05/14/87 0 7932 0 5391 184(33)' 0 50(0 42) 5 04 -
10/05/87 - - - 0 90(0 06) - -
48-86 08/25/87 - - - - 37 -
12/14/87 - - - 0 05(0 04) - -
52-86 10/02/87 - - - - - 18 §
10/02/87 (Dup) - - - - - -
Qutlier
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Figure 2 2

Rocky Flats Plant
Boundaries and Buffer Zone
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